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INTRODUCTION 

The Standard Specifications and Code of Practice for Road 
Bridges,, Section V -Steel Road Bridges, IRC :24- 1 967 was 
published by the Indian Roads Congress in 1967. Since this code 
was brought out more than three decades ago, its revision and 
updation, commensurate with the current data and incorporation 
of new concepts and materials has been a long felt need. The work 
of revision of this code was accordingly taken up by the Steel 
Bridges Committee (B-7) during its tenure from 1994. The draft 
was discussed at length during various meetings and finalised. 
After detailed discussion, the Committee constituted in 1997, 
consisting the following personnel considered and approved the 
draft in its meeting held on 21.7,98 for being placed before the 
Bridges Specifications & Standards Committee. 


Vijay Kumar 

R.P. Indoria 

Convenor 

Member- Secretary 


Members 

Achy u r Ghosh 

SJ. Worlikar 

M.K- Aggarwal 

R.Ray Chaudhuri 

Viuod Kumar 

K.M. Loomba 

T.R. Banerjcc 

,f.N. Pujui 

D.D. S harm a 

Utpal K. Ghosh 

Dr. P, Jayakrishnan 

S. Ahmed 

A. Ghoshal 

A S. Prasada Rao 

11. D. Malauge 

Prof. Sushi 1 K Agarwal 


Dr. Harshavardhan Subba Rao 
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Ex- Officio Members 


President, IRC 
(Muj. C.R Ramesh) 


D.G. <RD), MORT& H 
(A.D. Naram) 


Kiinislika Uishi 
Miiht’sh Tandon 


Secretary, IRC 
(S.C. Sharma) 

f oncxpouifing A t cm hers 

l)r. L.M. Gupta 
A.K, Bhaitacharya 
A.K. Basa 


The draft approved by Steel Bridges Committee was 

discussed by the Bridges Specifications and Standards (BSS) 

Committee in their meeting on 24.10,98 and approved the same 

subject to certain modifications. The modified copy approved by 

Convenor, BSS Committee on 21 .6.99 and later it was approved 

bv the Executive Committee on 1 0.7,99. Finally, the draft was 
* 

approved by the Council of the Indian Roads C ongrcssal the 1 50lh 
Council Meeting lie Id at Jaipur on the 6th August, 1 999 subject to 
modifications in light of the comments of Council members. I he 
Convenor, Steel Bridges Committee sent the modified document 
on 2.6,2000 for forwarding the same to Convenor, BSS Committee 
for its approval. The Convenor, BSS Committee approved the 
document for printing on 3 1 .10,2000* 

The object of issuing the Standard Specifications and Code 
of Practice for Steel Road Bridges is to establish a , common 
procedure for the design and construction ot road bridges in India. 
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This revised publication is meant to serve as a guide to 
both the Design and ihe Construction Engineer, but compliance 
with the rules therein does not relieve litem in any way of their 
responsibility for the stability and soundness of the structures 
designed and erected by them. 

The design and construction of road bridges require 
extensive and thorough knowledge of the science and technique 
involved and should be entrusted only to specially qualified 
engineers with adequate practical experience in bridge engineering 
and capable of ensuring careful execution of work. 

501. SCOPE 

501.1. This code deals mainly with the design of superstructure 
of structural steelwork in road bridges. Wherever the provisions of this 
code do not cover the design requirements in certain particular cases, 
special literature may be referred to. 

50 1 .2. Prov isions of this code generally apply to riveted, bolted 
and welded constructions using hoi rolled steel sections only. Cold 
formed sections are not covered in this code. 

501.3. IRC:22- 1986 (Section VI) may be referred, wherever 
applicable in case of concrete work composite with steel. 

502. LIMITATIONS 

This code generally applies to normal steel bridges. For the 
following types of bridges for which there are special requirements for 
design, the provision of the present code will not form adequate basis. 
This code applies to such bridges to the extent where the special code 
covering these areas refers to the provisions of this present code. Further 
reference may be made to Appendix -A . 
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(a) curved bridges 

(hi cable-stayed bridges 

(e) suspension bridges 

(d) temporary bridges 

(e) pedestrian bridges 

{0 swing bridges 

(gl bascule bridges 

£li) box girder bridges 

( i ) prestressed steel bridges 

503. REFERENCES 

While preparing this code, practices prevailing in this country 
in the design and construction of steel bridges have been primarily kept 
in view. However, recommendations offered in the to [Rowing 
publications have also been considered: 

la) IRS ( ode of Practice for the design of steel or wrought iron 
bridges carrying rail, road oi pedestrian Ira I lie incorporating 
latest addendum/ con igendum. 

(h) US: 5400- Part Code 6f Practice for Design of Steel 

Bridges. 

504. DEFINITIONS AND SYMBOLS 

504. 1 . Definitions: For the purpose of this code, the following 
definitions shall apply: 

504.1.1. Buckling load: The load at which a member or a 
structure as a whole collapses in service or buckles in a load lest. 

504.1.2. Dead loads: The self weights of all permanent 
construction and installations. 

504. 1.3. Effective lateral restraint: Restraint which produces 
sufficient resistance in a plane perpendicular to the plane of bending to 
restrain the compression flange of a loaded strut, beam or girder from 
buckling to either side at the point of application of the restraint. 
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504. 1 .4. Elastic critical moment: The elastic moment whicn 
will initiate yielding or cause buckling. 

504. 1 .5. Factor of safety: The factor by which the yield stress 
of the material of a member is divided to arrive at the permissible stress 
in the material. 

504.1.6. Gauge: The transverse spacing between parallel 
adjacent lines of fasteners. 

504. 1.7. Imposed (live) load: The load assumed to be produced 
by the intended use of occupancy including distributed, concentrated, 
impact, vibration and snow loads but excluding wind and earthquake loads. 

504. 1 .8. Load factor: The numerical factor by which the working 
toad is to he multiplied to obtain an appropriate design ultimate load. 

504.1.9. Main member: A structural member which is 
primarily responsible for carrying and distributing the applied load. 

504.1.10. Pitch: The centre to centre distance between 
individual fasteners in a line of fasteners. 

504.1.11. Secondary member: Secondary member is that 
which is provided for stability and or restraining the main members 
from buckling or similar modes of failure. 

504. 1.12. Welding terms: Unless otherwise defined in this standard 
* the welding terms used shall have the meaning given in 1S:812-1957. 

504. 1 . 1 3. Yield stress: The minimum yield stress of the material 
in tension as specified in relevant Indian Standards. 

504.1.14. Warping stress: Stresses in a box girder due to 
transverse bending of walls of the box and torsional and distort iona l warping. 

504.2. Symbols 

Symbols used in this code shall have the following meanings 
with respect to the structure or member or condition, unless otherwise 
defined elsewhere in this code : 
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A 

a. h ~ 


B 


h 





C 


<* 


D 

d 



= ii) 


d : 

E = 

L = 
4 = 

4 = 

g 

h 

/ . ~ 


CYosa-sectional area A (used with subscripts lias been defined 
al appropriate places) 

Respectively the greater arid lesser projection of the plate 

beyond column 

Length of side of cap or base 

Width of steel flange in encased mernbei 

t 'oefficieni 

l lie distance between centre 10 centre of battens 
Distance between vertical stiffeners 

Respectively the lesser and greater distances from the neutral 
axis of the section to the extreme fibres 
Overall depth of beam 

Depth of girder - to be taken as the clear distance between 
llange angles or where there is no llange angles the clear 
distance between flanges ignoring fillets. 

For the web of a beam without horizontal stiffeners : the 
clear distance between the flanges, neglecting fillets or the 
clear distance between the inner toes of the llange angles as 
appropriate. 

For the web of a beam with horizontal stiffeners : the clear 
distance between the horizontal stiffener and the tension 
llange, neglecting fillets or the inner toes of the tension flange 
angles as appropriate. 

Twice the clear distance from ihe neutral axis of a beam to 
the compression flange, neglecting fillets or the inner toes ot 
the llange angles as appropriate 
The modulus of elasticity for steel 
Elastic critical stress in bending 

Elastic critical stress in compression, also known as Euler 
critical stress 
Yield stress 
Gauge 

Ouistand of the stiffens 
Moment of inertial 
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k 


k r k. = 

k.ur k 

It { 

L 

i 

M 

M 

P 


M 

N 

n 

P 

P 

it r 

P 

iff 

P 

#* 

P 

r 

ft 

r 

S 


x 

T 


f 

i 

r, = 

r 

w 

H' “ 

Ap 

P 

A A = 

A 


Distance from outer lace of Jlange to web toe of fillet of 

member to be stiffened 

Coefficients 

Flexural stiffnesses 

Span/length of member 

Effective length of the member 

Bending moment 

Maximum moment (plastic) capacity of a section 

Maximum moment (plastic) capacity of a section subjected 
lo bending and axial loads 

Lateral buckling strength m the absence of axial load 

Number of parallel planes of battens 

Coefficient in the Merchant Rankinc formula, assumed as 1.4 

Axial force, compressive or tensile 

Calculated maximum load capacity of a stmt 

Calculated maximum load capacity as a tension member 

Euler load 

Yield strength of axially loaded section 
The reaction of the beam at the support 
Radius of gyration of the section 

Transverse distance between centroids of rivet groups or 

welding 

Staggered pilch 

Mean thickness of compression flange (T used with subscripts 
has been defined at appropriate place) 

Thickness of web 
Transverse shear 
Longitudinal shear 

Calculated maximum shear capacity of a section 
Total load 

Pressure or loading on the underside of the base 

Plastic modules of the section 

Ratio of smaller to largei moment 

Stiffness ratio 

Coefficient 
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A = Slenderness ratio of the member, ratio of the effective length 

(l) to the appropriate radius of gyration O') 

A it = Characteristic slenderness ratio = sPy/Pe 

0 = Ratio of the rotation at the hinge point to the relative elastic 

rotation of the far end of the beam segment containing plastic 
hinge 

a Maximum permissible compressive stress in an axially loaded 

s nut not subjected to bending 

a Maximum permissible tensile stress in an axially loaded 

tension member not subjected to bending 

<r, h - Maximum permissible compressive stress due to bending in 
a member not subjected to axial force. 

cr . Maximum permissible bearing stress on Hat surface 

o, = Maximum permissible bending stress in slab base 

a u = Maximum permissible tensile stress due to bending in a 

member not subjected to axial force 

<r = Maximum permissible stress in concrete in compression 

t r " Maximum permissible equivalent stress 

cr Maximum permissible bearing stress in a member 

fr f - Maximum permissible hearing stress in a fastener 

rr = - Maximum permissible stress in steel in compression 

a if - Maximum permissible stress in axial tension in fastener 

rr - Calculated average axial compressive stresses 

rr - Calculated average stress in member due to an axial tensile 

lit. r-tl 

force 

rr - Calculated compressive stress in a member due to bending 
about a principal axis 

rr Calculated tensile stress in a member due to bending about 

/hf, i -at 

both principal axes 

it w - Calculated equivalent stress 

7 = Maximum permissible average shear stress in member 

ly t * 

T Maximum permissible shear stress in a member 

vm 1 

T Maximum permissible shear stress in fastener 

>./ 1 
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t , = Calculated shear stress in a member 

1 El it 

cu = Ratio of moment of inertia of the compression flange alone, 
to that of the sum of the moments of inertia of the flanges, 
each calculated about its own axis parallel to the v-y axis of 
the girder, at the point of maximum bending moment, 

y = Ratio of total area of both the llanges at the point of least 
bending moment to the corresponding area at the point of 
greatest bending moment 

Note: The subscripts x, y denote the x-x and y-y axis of the section 

respectively. For symmetrical sections, x-x denotes the major 
principal axis while y-y denotes die minor principal axis. 


505. MATERIALS AND PROPERTIES 

505.1. Steels 

505.1 .1 . Properties of steel: The following properties shall 
be assumed for all grades of steel for design purposes: 


Young’s Modulus (Modulus of Elasticity) * 2.1 1 x 10* Mpa 
Shear Modulus =77x1 O' Mpa 

Poisson’s Ratio - 0.30 

Coefficient of Thermal Expansion 0.0000 117/°e/un it length 


505.1.2. Structural steels: Unless otherwise permitted herein, 
all structural steel shall, before fabrication comply with the requirements 
of the following Indian Standards, or their latest revisions as appropriate 


18:808-1989 

IS: 1 161-1979 

IS: 1 239 (Pt l)-1990 

IS: 1239 (Pt 2)- 1992 


Dimensions for hot rolled steel beam, 
column, channel and angle sections 

Steel tubes for structural purposes 

Mild steel tubes, tubulars and other 
wrought steel fillings: Pari I Mild steel tubes 

Mild steel tubes, lubulars and other 
wrought steel fittings : Part 2 Mild steel 
tubulars and other wrought steel fittings 
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IS: 1730* 1989 

Dimensions tor steel plates, sheets, strips 
and flats lor general engineering purposes 

IS: 1732- 1989 

Dimension for round and square steel bars 
for structural and general engineering 


purposes 

IS: 1852- 1973 

Rolling and cutting tolerances for hot 
rolled steel products 

IS: 2002- 1992 

Steel for general structural purposes 

15:4923-1985 

Hollow steel sections for structural use 

15:8500- 1 992 

Structural steel micros lloyed (medium and 
high strength qualities) 

IS: 1 1587-1980 

Structural weather resistant steels 


The use of structural steel not covered by the above standards 
may be permitted with the specific approval of the authority, 

505.1.3. Other steels: Except where permitted with the 
specific approval of the authority* steels tor machined parts and foi 
uses in other than structural members or elements shall comply with 
the following or relevant Indian Standards. 

IS: 1 875.-1992 Carbon steel billets, blooms, slabs and bars 

for forgings 

18:6911-1992 Stainless steel plate, sheet and strip 

505.2. Castings and Forgings 

Steel casting and forgings shall comply with the requirements 
of the following Indian Standards as appropriate : 

IS: 1030- 1 989 Carbon steel castings for general 

engineering purposes 

15:1875-1992 Carbon steel billets, blooms, slabs & bars 

for forgings 

IS: 2004- 1 99 1 Carbon steel forgings for general 

engineering purposes 
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15:2644-1986 High tensile'steel castings 

IS:4367- 1 99 ) Alloy steel forgings for general industrial use 

505,3. Fasteners 

Bolts, nuls, washers and rivets shall comply with the following 
or relevant Indian Standards, as appropriate: 


IS: 1148- 19X2 

Hot rolled rivet bars (upto 40rmn dia) 
for structural purposes 

IS: 11 49- 1982 

High tensile steel rivet bars for structural 
purposes 

IS: 1363- 1992 

Hexagon head bolts, screws and nuls of 

(Pt 1 to Pi 3) 

product grade C (size range M5 to M64) 

IS: 1364-1992 

Hexagon head bolts,screw and nuts 

(Ft 1 to Pi 3) 

products grade A & B ( size range M l .6 to 
M64) 

IS: 1367- 1979-94 

Technical supply conditions for threaded 

(Pt 1 to Pt 18) 

steel fasteners 

IS: 1929- 1982 

Hot forged steel rivets for hot dosing 
( 1 2 to 36 mm diameter) 

IS:2 155-1982 

Cold forged solid steel rivets for hot 
dosing (6 to 16 mm diameter) 

15:3640-1982 

l lexagon fit bolts 

15:3757-1985 

High strength structural bolts 

15:4000-1992 

l ligh strength bolts in steel structures- code 
of practice 

IS: 5 369- 1975 

General requirements for plain washers 
and lock washers 

15:5370-1969 

Plain washers with outside dia = 3 x inside dia. 

15:5372-1975 

Taper washers for channels (1SMC) 

15:5374-1975 

Taper washer for 1 beams (ISMB) 

1S:5624-1970 

Foundation bolts 

1S:6610- 1 972 

Heavy washers for steel structures 
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18:6623-1985 

High strength structural nuts 

18:6649-1984 

Hardened and tempered washers for high 
strength structural bolts and nuts 

IS; 7002- 199 1 

Prevailing torque type steel hexagon nuts 


505.4. Welding Consumables 

Welding consumables shall comply with the following Indian 


Standards, as appropriate : 


IS:8 14-1991 

Covered electrodes for manual metal are 
welding of carbon and carbon 
manganese steel 

IS: 1595- 1982 

Low and medium alloy, steel covered 
electrodes for manual metal arc welding 

IS:36 13-1974 

Acceptance tests Tor wire flux combination 
for submerged arc Welding 

18:6419-1971 

Welding rods and bare electrodes for gas 
shielded arc welding of structural steel 

18:6560-1972 

Molybdenum and chromium - 
molybdenum low alloy steel welding 
rods and bare electrodes for gas 
shielded arc welding 

18:7280- 1 974 

Hare wire electrodes for submerged arc 
welding of structural steel 

505.5 Welding 

IS:8 12-1957 

Glossary of terms relating to welding and 
cutting of metal 

18:816-1969 

Code of practice for use of metal arc 
welding for general construction in mild steel 

18:822-1970 

IS: 1024- 1979 

Code of procedure for inspection of welds 

Code of practice for use of welding in 
bridges and structures subject to dynamic 
loading 
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IS: 1 182-1983 

Recommended practice for radiographic 
examination of fusion welded butt 
joints in steel plates 

IS:4853-1982 

Recommended practice for radiographic 
inspection of fusion welded butt joints 
in si eel pipes 

l S: 5 3,34- 1981 

Code of practice for magnetic particle 
tlaw detection of welds 

lS:7307(Pt. 1) 
-1974 

IS:73lO(Pt. 1) 
-1974 

Approval lesls for welding procedures: 
Parl-1 fusion welding of steel 

Approval tests for welders working to 
approved welding procedure$:Part- 1 
fusion welding of steel 

IS:73 l8(Pt. 1) 
-1974 

Approval tests for welders when welding 
procedure is not required : Part-1 lusion 
welding of steel 

15:9595-1980 

Recommendations for metal arc welding 


of carbon and carbon manganese steels 
505.6. Wire Ropes and Cables 

These shall conform to the following or relevant Indian 
Standards except where use of other types is specifically permitted by 


the authority. 

IS: 1 785 {Pi. 1) 
-1983 

Specification for plain hard-drawn steel 
wire for prestressed concrete : Part- 1 Cold 
drawn stress relieved wire 

IS: 1 785 (Pt. 2) 
-1983 

Specification for plain hard-drawn steel 
wire for prestressed concrete : Part- 2 

As- drawn wire 

15:2266-1989 

Steel wire ropes for general engineeeriiig 
purposes 

IS:23 1 5- 1 978 

IS:9282-1 979 

Thimbles for wire ropes 

Wire ropes and strands for suspension 
bridges 
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506. LOADS AND STRESSES 

506. 1 . Combinations 

506. i . 1 . Main effects: For the purpose o ('computing stresses, 
the classifications (column 1) and combinations (column 2) as given in 
Table 6. 1 below will lx* followed. For legend of symbols under combination 
(column 2) refer to Clause 202, l of JR( 6-2000 (Fourth Revision). 

506. 1 .2. Other effects 

506.1.2.1. Secondary Effects (F,.) shall include, where 
applicable, the effects due to creep and shrinkage of concrete for 
composite deck and warping for box girder sections. 

506. 1 .2.2. Erection effects shall include the loads and forces 
arising out of construction equipment and the effects of wind/seismic. 

506.2. Permissible Increase in Stress 

506.2. 1 . Increase: The permissible increase (per cent) in stress 
in the various members covered by this code due to combination stated in 
Clause 506. 1 shall be as given under Increase (column 3) of Table 6. 1 , 


Table 6.1. Permissible Increase in Stress 


Classifi- 

Combination 

Increase 

cation ( 1 ) 

(2) 

(3) 

I 

<7 + 0 or G + O + F + F . + <7. * F 4- F +67 

* * .< «f / b it Vp € 

Nil 

II 

c> + F , + F ,i + F ,, 

15 per cent 

III 

{10 - W + F 

\xp 

25 per cent 

IV 

(to + F + F 

' r cq wp 

40 per cent 

V 

(tl) + F, + W 

m 

25 per cent 

VI 

G + F + G, + F + F + F , . + W + G 

icr h cp er / r 

30 per cent 

VH 

(V0 + F - W 

40 per cent 
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506.2.2, Limitation: The above permissible increase in 
stress, shall, however, be limited to 90 percent of yield stress, 

506.3. Worst Effect 

Subject to the provision of other clauses, all forces shall be 
considered as applied and all loaded lengths chosen in such a manner that 
the worst adverse effect is caused on the member under consideration. 

506.4. Working Stresses 

506.4. 1 Basic permissible stresses: The basic permissible 
stresses for steel work are given in Tabic 6,2. 

Tabic 6.2. Basic Permissible Stresses 


1 . Axial tension on net area 

0.6 f 

J 1 

2. Axia! compression on effective section 

<y tf 

3. Bending 


In plates, flats, tubes and similar sections 

0.661 

Jn girders and rolled sections 

0 62 f 

4. Shear Stress 


Maximum 

0.43 f 

J v 

Average 

0.38 f 

»r y 

For yield stress < = 250 Mpa 


For Fy > 250 Mpa 

0,35 f 

5. Bearing stress on flat surface 

0.8 f 

' y 


However, the permissible stresses in axial or flexural compression shall 
not exceed those as per relevant clauses considering the e fleet of 
buckling. 


506.4.2. Equivalent Stress 

506.4.2. 1 . When a member is subjected to a combination 
of stresses, the equivalent stress a, ^ due to combination of shear stress 
t bearing stress <x riif and bending stress a, if fW tensile or a lir nif 
compressive is calculated from 
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,ui 


= vr 


a 


h 


,) 5 +{<r T+ 

rut f* nil* 




uut 


y 


or a 


i'. <■(// 


= V (a 


(o. ,)~+{a ,) -(cr ,)+3 (t ,) 

' in. till* - l *.*'{$+ ' fi.rul* ' wnl f 


a j(j ,a v shall not exceed the permissible stresses as indicated 
in relevant sections under different combination of stresses. 


506.4.2.2. Irrespective of the permissible increase of stress 
in other clauses, the equivalent stress cr calculated in Clause 506.4.2. 1 
above shall not exceed 92 per cent of yield stress. 


506.5. Permissible Stresses in Bolts, Rivets and Tension Rods 

506.5.1 . Fasteners: All fasteners would be in accordance 
with Indian Standards. For bolts, the yield stress used for calculating 
the permissible stress would be derived from the property class chosen 
as per relevant Indian Standards. The nut should be of matching property 
class. For hot rolled and high tensile rivets, the yield stress would be m 
accordance with the relevant Indian Standards. 

506.5.2. Calculation of stresses: In calculating shear and 
bearing stresses, the effective diameter of a rivet shall be taken as the 
hole diameter and that of boll shall be taken as its nominal diameter. In 
calculating the axial tensile stress in a rivet, the gross area shall he used 
and in calculating the axial tensile stress in a bolt or screwed tension 
rod, the net area shall be used. 

506.5.3. Gross and net area 

506.5.3.1. The gross area of a rivet shall be taken as the 
cross-sectional area of the rivet hole. The nominal diameter of rivet 
shall be the diameter (cold) before driving. The nominal area of a rivet 
shall be based on the nominal diameter. 
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506,5*3.2. The net sectional area of a holt or a screwed 
tension rod shall be taken as the area of the root of the threaded part or 
cross-sectional area of the unthreaded part whichever is lesser. The 
nominal diameter of a bolt shall be the diameter of the shank of the bolt. 
The nominal area of a bolt shall be based on the nominal diameter 

506.5.4. Basic permissible stresses: The basic permissible 
stresses for rivets, bolts, tension rods are given in Table 6.3 

506*5.5. Combined tensile and shear stresses: Rivets and 
bolts subject to shear and externally applied tensile forces shall be so 
proportioned that the quantity. 

*v'’ +rr *«■> /r .//- / 

Where 

cr ,= actual tensile stress in the rivet cn bolt 

steal 

cr it '■= permissible tensile stress in the rivet or bolt 

as given in Table 6.3 

r = actual shear stress in the rivet or bolt. 

r permissible shear stress in the rivet or bolt 

as given in Table 6.3 

506.5*6* HSFG bolts : High strength friction grip (HSFG) 
bolts shall be used in conformity with lS:4000-!992* 
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Table 6.3. Basic Permissible Stresses for Rivets, 
Bolts and Tension Rods 


1 . 

I n tension 

Axtal stress on nominal area of rivet and on net area of 
bolts and tension rods : 

Power driven shop rivets 

Power driven field rivets 

Bolts over 38 mm din 

Bolts 20 mm upto 38 mm dia 

Bolts less than 20 mm dia 

Tension rods 

0.33 1 
0.27/ 

0.53 f 

0.40 1 

0.33 f v 
0.53/ 

2. 

In shear 

Shear stress on gross area of' rivers and nominal area of 
bolls : 

Power driven shop rivets 

Power driven field rive is 

Hand driven rivets 

Tamed and fitted holts (IS:3640) 

Black bolts (IS: 1363) 

0.4} l 

0.4 Of 
0.331 

0,43 f 
0371 

3. 

Tit bearing 

Bearing stress on gross diameter of ri vets and nominal 
diameter bolts: 

Power driven shop rivets 

Power driven field rivets 

Hand driven rivets 

Turned and fitted holts (IS:3640) 

Black bolts (IS: 1363) 

1.00/ 

0.90/ 

0.6?/ ' 
1.00/ 
0.87/ 


506.6. Permissible Stresses in Welds 

506.6. ! . Basic permissible stresses: The basic permissible 
stresses in weld shall be as per Indian Standards namely 15:816-1969 
and as modified in IS: 1024-1979. 
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506.6.2- Shop welds 


506.6.2.1 . Butt welds: Butt weld shall be treated as parent 
metal with a thickness equal to the throat thickness, and the stress shall 
not exceed those permitted in the parent metal. 

506.6.2.2. Fillet welds: The basic permissible stress in Fillet 
welds shall not exceed the permissible shear stress as follows : 


Steel Conforming Electrode Designation 
as per IS: 8 1 5- 1974 

IS:2062-!969 EXXX-43X 

15:8500-1991 EXXX-5 1 X 


Shear Stress 
Mpa 


108 

131 


Grade l-'e 510 W-HT 

506.6.2.3, Ping welds: The permissible shear stress in plug 
welds will not exceed those given for fillet welds as above. 


506.6.3. Site welds: The permissible stresses for shear and 
tension for site welds made during erection of structural members shall 
he reduced to 80 percent of those given in Clause 506.6.2, Site welding 
should be proposed only i f qua l ity welds can be ensured at site including 
facilities for testing the welds as per coda 1 requirements. The percentage 
of site welds to be tested should be 1 00 per cent as given under Clause 
513.6,12.7.2 to 4. 


506.6.4. Combined stresses in a weld 

506.6.4. 1 . When a weld is subjected to a combination of 
stresses, the equivalent stress a rttl due to combination of shear stress 
x , bearing stress <r rtil and bending stress <r ht ritl tensile or a N . n(f 
compressive is calculated from 


- ^ (cr J2+(a f + (< 7. )(a )' 

v.nd ' fit rtor ' fixar ' f*f r*tr 1 fhfw rmrr 


<T 

v 

or a 


- nil 


= / 


<■<* „.J + +3 < T .J' 
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<7 ( . iirf shall not exceed the permissible stresses as indicated'in relevant 
sections under different combination of stresses. 

506.6.4.2. Irrespective of the pennissible increase of stress in 
other clauses, the equivalent stress <r (i fW calculated in Clause 506.6.4.1 
shall not exceed 92 per cent of yield stress/'. 

506.7. Stress Analysis 

506.7. 1 . General: The global analysis of the structure should 
be done using an elastic method. For structures in which the load effects 
are not proportional to the loads and/or the secondary effects due to 
deformation are significant, the method of analysis should be suitable 
for treatment of non-linear behaviour. 

506.7.2. Sectional properties: The sectional properties to 
be used in global analysis should generally be calculated for the gross 
section assuming the specified sizes. For beams or trusses on flexible 
supports account should, however, be taken of its influence of shear lag 
on their stiffnesses. The effect of shear lag should also be taken into 
account in analysis of conditions during erection of continuous girders 
of box construction or with integral decks. 

506.7.3. Longitudinal stresses in beams: The distribution of 
longitudinal stress between the flanges and web or webs of a beam may 
be calculated on the assumption that plane section remains plane, but 
using effective widths of the flanges and the effective thickness of a 
deep web in accordance with the provisions of Clause 508, no further 
account need be taken of deformation of the plate out of its plane. 

506.7.4. Shear stress: The design values of shear stress in webs 
of rolled or fabricated I, box or channel sections may be calculated in 
accordance with the provisions of Clause 508. Shear stresses in other 
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sections should be computed from the whole cross-section having regard 
to the distribution of flexural stress across the section. 

506.8. Stresses 

506.8.1 .Primary stresses: In the design of triangulated 
structures, axial stresses in members are usually calculated on the 
assumption that : 

- all members are straight and free to rotate at the joints; 

- all joints lie at the intersection of the centroida) axes of the 
members 

- all loads, including the weight of the members, are applied at the 
joints. 

These stresses are defined as primary stresses, 

506, 8 . 2, Secondary stresses: In practice these assumptions arc 
not realised and consequently members are subjected not only to axial 
stress but also to bending and shear stresses. These stresses are defined 
as secondary stresses and fall into two groups : 

(0 Stresses which are the result of eccentricity of connections and 
off-joint loading generally (i.e., loads rolling directly on chords, 
self weight of member and wind loads on member) 

(ii) Stresses which are the result of the elastic deformation of the 
structure and the rigidity of the joints. These arc known as 
deformation stresses. 

506.8.2. i . Structures shall be designed, fabricated and erected 
in such a manner as to minimise as far as possible secondary stresses. 

506.8.2.2. Secondary stresses which are the result of eccentricity 
of connections and of off-joint loading [under Clause 506,8.2 (i)j, shall 
be computed and combined with the co-existent axial stresses in 


21 


IRC: 24-200 1 


accordance with appropriate C lause, but secondary stress due to the 
self weight and wind on the member shall be ignored iii this case. 

Note : In computing the secondary stress due- to loads being carried direct 
by a chord, the chord may be assumed to be a continuous girder 
supported at the panel points, the resulting bending moments, 
both at the centre and at the supports being taken as equal to 3/4 
of the maximum bending moment in a simply supported beam of 
span equal to the panel length. Where desired, calculations may 
be made and the calculated bending moments may be taken. In 
computing such bending moments, the impact allowances shall 
be based on a loaded length equal 10 one panel length- 

506.8-2.3. Secondary stresses which are the result of the elastic 
deformation of the structure funder Clause 506-8.2 (ti)] shall be either 
computed or assumed in accordance with Clause 506.8.3 and combined 
with the co-existent axial stresses. 

* 

506.8.3. Deformation stresses: In order to minimise the 
deformation stresses in girder, the ratio ol the width of the members in 
the plane of distortion to their length between centre of intersections 
shall preferably be not greater than 1/12 of the chord members and 1/24 
of web members. In the absence of calculations the deformation stresses 
shall be assumed to be not loss than 16^ percent ol the dead load and 
live load stresses including impact. 

506.8.3. 1 . All open web girders of effective spans greater than 
50 m may properly be cambered. Recommended procedure for 
cambering such gilders is given in Appeitdix-B. For such girders, 
deformation stresses (under Clause 506.8.3) may be ignored. 
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507* GENERAL DESIGN C ONSIDERATIONS 

507. 1 . Effective Spans 

The effective span shall be as given below : 

( a ) For main girders - The distance between centres of bearings 

(b) For cross girders - The distance between the centres of the 
main girders or trusses 

(el For rad or road hearers - The distance between the centres 
of cross members 

Note: -Where a cross girder or bearer terminates on an abutment or 
pier, the centre of bearing thereon shall be taken as one end of 
the effective span 

{d) For pins in heading - The distance between the centres of 
hearings; but where pins pass through bearing plates having 
thickness greater than hall the diametei of the pins, 
consideration may be given to the effect of the distribution 
of bearing pressures on the effective span. 

507.2. Effective Depths 

The effective depth of plate or truss girder should be taken 
as the distance between the centres of gravity of the upper and lower 
Hanges or chords. 

507.3. Spacing of Girders 

Hie distance between centres between the main girders shall 
be sufficient to resist over turning or overstressing due to lateral forces 
and loading conditions. Otherwise special provisions must be made to 
prevent this. This distance shall not be less than 1/20 of the span. 

507 . 4 . Depth of Girders 

Minimum depth preferably shall not be less than the 

following : 
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(aj For trusses : 1/10 of the effective span 

(b ) For rolled steel joists and plate girders ; 1 /25 ol the effccm c 
span 

(c) For composite steel and concrete bridge ; 

(i) Overall depth : i/25 of the effective span 

(u> Steel beam or girder : 1/30 of the effective span 

I he effective depth of open web girders shall not be greater 
than three times the distance between the centres of main girders. 

507,5. Deflection of Girders 

507.5. 1 . Rolled steel beams, plate girders or lattice girders, 
either simple or continuous spans, shall be designed so that the total 
deflection due to dead load, live load and impact shall not exceed 1/600 

of the span. 

Additionally, the deflection due to live load and impact shall 
not exceed of 1 /800 of the span. 

* 

507.5.2. The deflection of cantilever arms at the t ip due to 
dead load, live load and impact shall not exceed 1/300 oi the cantilever 
arm and deflection due to live load and impact shall not exceed I /400 of 
the cantilever arm. 

507.5.3. Sidewalk live load may be neglected in calculating 

deflection. 

507.5.4. When cross bracings or diaphragms of sul lieiem 
depth and strength are provided between beams to ensure the lateral 
distribution of loads iIk- deflection may be calculated considering all 
beams acting together. 

507.5.5. The gross moment of inertia shall be used for 
calculating the deflection of beams or plate girders. In calculating the 
deflection of trusses, the gross area of each member should be used, 


24 


IRC: 24-2001 


507.6. C amber 

507.6. 1 . ( umber, ji nny, shall be provided as specified by the 
engineer. Camber may be required to maintain clearance under all 
conditions of loading or n may be required on account of appearance. 

507.6.2. In l lie absence of specific guidance, the following 
principles may be observed; 

(a) Reams and plate girders uplo and including 55 m span need 
not be cambered. 

(h) In open web spans, the camber of the main girders and the 
corresponding variations in length of members shall be such 
that when (he girders arc loaded with lull dead load plus 75 
percent oi the live load without impacl producing maximum 
bending moment they shall take up the true geometrical 
shape assumed in their design. The camber diagram shall be 
prepared as indicated m Appendix-B* 

507.7. Minimum Sections 

507.7. 1. For all members of the structure, except parapets and 
packing plates, the following minimum thicknesses of plates and rolled 
sections shall apply : 

(a) 8 nini when both sides are accessible lor painting or are in 
dose contact with other plates or rolled sections, or are 
otherwise adequately protected against corrosion. When one 
side is not readily accessible for painting or is not in close 
contact with another member, or is not otherwise adequately 
protected and where the thickness required hy calculation is 
less than 12.5 mm. 1 .5 mm shall be added to the calculated 
thickness subject to die total thickness being not less than 
1 0 mm. 

<h) 6 mm for bos members when the inside of the member is 
effectively sealed. 

(c) For roiled steel beams and channels, the controlling thickness 
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shall be taken as the mean thick ness of 'the flange, regardless 
of the web thickness 

507 7.2. In floor plates and parapets, minimum thickness of 6 
mm shall lie used if both sides arc exposed or 8 mm if only one side is 
exposed. For packing plates, the thickness shall not be less than 1.5 mm. 

507.7.3. In riveted construction, no angle less than 75 x 50 
mm shall be used lor the mam members of the girders. 

507. 7.4. No angle less than 65 x 45 mm and no Hat less than 
50 mm wide shall be used in any part of a bridge structure, except lor 
hand railings and shear connectors. 

507.7.5. End angles connecting stringers to cross girders or 
cross girders to main girders shall not he less than three quarters of the 
thickness of the web plates of the stringers and cross girders respectively. 


507.8. Sectional Area 

507.8 I . Gross sectional area: The gross sectional area shall 
he the area of the cross-section as calculated from the specified sizes. 


507.8.2. Effective sectional area 

507.8.2.1. Tension members- The effective sectional area of 
the member shall be the gross sectional area with the following 
deductions as appropriate. 

507.8.2. 1.1. Except as required in ( lause 507.8,2.1 .2 the areas 
to be deducted shall be the sum ol the sectional areas of the maximum 
number of holes in any cross-section at right angles to the direction of 
stress in the member. 

507.8.2.1.2. In the case of: 

{a) all axially loaded tension members 

(b) beams ofstniemral steel conforming to IS . 2062 and with d/t 
greater than 85 
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(c) beams of structural steel conforming to IS:X5{)0 and with 

d/t greater llian 75 

where. 

t = thickness of web, and 

d = depth of beams to be taken as the clear distance 
between flanges ignoring fillets. 

and where bolt or rivet holes are staggered, the area to 

he deducted shall be the greater of the following : 

(i) die maximum number of the holes in any cross-section 
ai right angles to the direction o I stress in the member. 

(ii) (he sum of the sectional areas of all holes in a chain of 
lines extending progressively across the member, less 
s’ t/4g for each line extending between holes at other 
than right angles to the direction of stress, where, s, g 
and t are respectively the staggered pitch, gauge, and 
thickness associated with the line under consideration. 
The chain of lanes shall be chosen to produce the 
maximum such deduction. For non -planet sections, such 
as, angles with holes in both legs, the gauge, g. shall he 
the distance along the centre of the thickness of the 
section between hole centres. 

Note ; In a built-up member where the chains of holes considered in individual 
parts do not correspond with the critical chain of holes for the members 
as a whole, the value of any rivets or bolts joining the parts between 
such chains of holes shall be taken into account in determining the 
strength of the member. 
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507.8.2. 1 .3. . I njf/es ami fees in tension 

(a) In the case of single angle connected through one leg 
the net effective sectional area shall be taken as : 

Ai + AZ x k 

where, 

A ) effective cross-sectional area of the connected leg 

AZ the gross cross-sectional area of the unconnected leg, 
and 

k - JAi +■ (3A! + A 2) 

Where lug angles are used, the effective sectional area ol the 
whole of the angle member shall be considered. 

(bj In the case ofpair of angles back-to-back (ora single 
tee) connected by one leg of the angle (or by the 
llunge of the tee) to the same side of a gusset, the 
net effective area shall be laken as 

A t + A 2 x k 

where, 

A l and 12 are as defined in Clause 507.8.2. 1 .3 (a) and 
k - 5Ai ^ ($A / + 42) 

The angles shall be connected together along their length in 
accordance with the requirements as given in Clause 
511,4,6.1. 

507.8.2.2, Compression members: The gross sectional 
area shall be laken for all compression members subject to 
relevant clauses. 
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507. S. 2, 3. Parts in shear: The effect ive sectional area 
for calculating average shear stress for parts in shear shall be as 
follows : 

{ a > Rolled hvtims mid chan nds - The product of 
ihe thickness of the web and the overall depth 
of the section, 

(b) Plate girder - The produel of the thickness of 
the web and the full depth ol the web plate. 

Note:- (I) Where webs are varied in thickness in the depth of 
ihe section by the use of tongue plates or the like and 
in the case of other sections, the maximum shear 
stress shall be computed front the w hole area of cross - 
section having regard to the distribution of flexural 
stresses. 

I 2 } Webs which have openings larger than those used 
I'or rivets, bit Its or othet fastenings require special 
consideration and the provisions of this clause are 
not applicable, 

507.9. Skew Bridges 

For skew bridges, detailed analysis of forces shall be 
required. However, if the angle o I skew is within 15'\ such detailed 
analysis may not be necessary. 
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508. DESIGN OF BEAMS , 

508.1, General 

508.1 , ! . Beams are defined as members with solid webs or 
with openings, subjected primarily to bending, including members 
of rolled and hollow section, plate girders and box girders. 

508.1.2, Beams shall be proportioned on the basis of the 
moment of inertia of ihe gross cross-section with the neutral axis 
taken at the eertrnid of that section. In computing the maximum 
stresses, the stresses calculated on this basis shall be increased in 
the ratio of the gross to the effective area of the flange section. For 
this purpose, the flange sectional area in riveted or boiled 
construction shall be taken to be that of the flange plates, flange 
angles and the portion of the web and side plates, if any. between 
the flange angles. In welded construction, the flange sectional area 
shall be taken to be that of flange plates and of the tongue plates 
(i.e., the thick vertical plates connecting flange to web), if any. up to 
a depth of the tongue plate equal to eight limes us thickness, which 
shall not be less than twice that of the web. 

508.2. Web Plates 

508.2.1. Minimum thickness: The thickness of the web 
plate shall conform to the requirements of Clause 507.7 and further 
shall not be less than the following : 

(a) for it n stiffened wvhs 

d/85 for steel conforming to IS:2062 
d/75 for steel conforming lo IS: 8500 

fb) for vertically stiffened, n 'chs : 

I 180 of the smaller clear panel dimension. 
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1/270 of the greater dear panel dimension 
d/200 for steel conforming to IS; 2062 or 
d,/ 1 SO for steel conforming to IS;8500 
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(c) for wchs stiffened, both vertically and horizontal fy and with 
the lion /on to I stiffener at distance from the compression 
flange of 2/5 of the distance from the compression flange to 
the neutral axis : 

1/180 of the smaller clear panel dimension. 

1/270 of the greater dear panel dimension, and 
d„/250 for steel conforming to IS:2Q62 or 
d/225 fot steel conforming to JS:8500 

(d) when there is also a horizontal stiffener at the neutral axis of 
the girder 

1/180 of the smaller dear panel dimension, 

1/270 of the greater dear panel dimension, and 
d/4QQ for steel conforming to IS: 2062 or 
d/360 for steel conforming to 1S:8500 

In the above, d, is the cleat distance between flange angles or, 
where there are no flange angles, between llanges (ignoring fillets); but 
where tongue plates having a thickness not less than twice the thickness 
of the web plate are used, d, is l be depth of the girder between the 
flanges less the sum of the depths of the tongue plates or eight limes the 
sum of the thicknesses of the longue plates, whichever ts less, and d, is 
twice the clear distance from the compression flange angles or plate, or 
tongue plate to the neutral axis. 
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508.3. Flanges 

508.3.1. The effective sectional area of compression flanges 
shall he the gross area with the specified deduction for excessive width 
of plates (Clause 508.3.3., 508.3.4) and maximum deduction for open 
holes and holes for holts occurring in section perpendicular to the axis 
or the member, 

508.3.2. The effective sectional area of tension flanges shall be 
the gross sectional area with specified deduction for excessive width or 
projection of plates (Clause 508.3.5) and deduction of all holes as 
specified for rivet or bolt holes in tension members in Clause 507,8.2.1 . 

508.3.3. In riveted or bolted construction, flange angles shall 
form as large a part of the area of the llange as practicable (preferably 
not, less than 1/3) and the number of flange plates shall be kept to a 
minimum. Where flange plates are used, they shall preferably of equal 
thickness and at least one plate of the top llange shall extend the full 
length of the girder, unless the top edge of the web is finished flush with 
the flange angles. 

Compression flange plates unstiffened at their edges shall not 
project beyond the outer lines of connections to the flange angles by 
more than 1 61’ for steel conforming to 18:20.62 or I4t for steel 
conforming to IS: 8500 where t' is the thickness of the thinnest llange 
plate or the aggregate thickness of the two or more plates when projecting 
portions of these plates are adequately tacked together. 

508.3.4. In welded construction, compression llange plates 
unstiffened at their edges shall not project beyond the line of connection 
to the web or tongue plates by more than 12t\ 

508.3.5. In all cases tension Range plates, stiffened or 
unstiffened at their edges, shall not project beyond the outer line of 
connections to the llange angles (or where there are no flange angles, to 
the web or tongue plates) by more than 2Ut\ 
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508.3.6. For the Manges of beams with vertical stiffeners only 
(see Clause 508.1 1.2.2), where dl/t is greater than 130 m the ease of 
steel conforming to IS:20G2 or 110 in the case of steel conforming to 
IS: 8500 and w hen the average shear stress in the web is greater than 0.6 
of the permissible stress given for mild steel in Clause 506.4.1. the 
quantity I/(h l t) shall not be less than 2.5 x l O' 4 in the case of steel 
conforming to IS:2062 and 3 x I0 4 in the ease of steel conforming to 
IS: 85 00, 

where, 

1= the moment of inertia of the compression flange about its 
axis normal to the web, taken as that of the Mange angles and 
plates, and the enclosed portion of the web in the case of 
riveted construction, and ill the case of welded construction, 
as the flange plate together with a depth of web (adjacent to 
the Mange plate) e^ual to 16 times the v»eb thickness. 

d, —effective depth of the girder as defined in Clause 508,2. 1 

b = spacing of stiffeners 

t = thickness of web 

508.4. Effective Length of Compression Flanges 

The effective length of the compression Mange for buckling 
normal to the plane of the girder shall be as given below. 

508.4.1, Simply supported beams with no intermediate lateral 
support to compression tlange. but with each end restrained against torsion. 

508.4. 1.1. When there is no intermediate lateral restraint to a 
compression Mange, effective length I should be taken as 
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l = kf L 


where, 

L span of the beam (i.e. between restraint at supports) 

k! \ .0 if the compression flange is free to rotate in plan at 
the points of support, or 

0.85 if the compression flange is partially restrained 

* 

against rotation in plan at one support and free to rotate 
in plan at ihe other, or 


0.7 if the compression llange is fully restrained against 
rotation in plan at the points of support. 

508.4.1.2. Restraint against torsion at the supports can be 
provided by web or llange cleats, by bearing stiffeners, by end frames 
or by lateral supports to the compression flange. I’he restraint element 
shall be designed to resist, in addition to the effects oi wind and other 
applied lateral forces, Ihe effects of a horizontal force acting normal to 
the compression llange of the girder at the level ot the centroid ol this 
flange where 


/ 4 x Hi ' v / 


Kfjf* - 1 7 > 

In i lie above formula : 

/ - lias the value given in Clause 508.4.1,1. 

f iti = the critical stress in the flange as defined in Clause 
508.6.2 

f = the calculated working stress in flange 

5 the deflection of the flange under the action of unit 

horizontal force as defined in Clause 508.4.2 


508.4.2. Simply supported beams with compression flange 
laterally supported by U- Frames. 
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For simply supported girders where there is no lateral bracing 
of the compression flanges but where cross members and stiffeners 
forming t J-Frames provide lateral restraint. 


/ = 2.5 x ^ 4 (E / a ti ) but not less than “a" 

where, 

E — Young's Modulus 

/ ~ maximum moment of inertia of compression 

flange about ns centroidal axis parallel to ihe web 
of the girder 

a distance between frames 

i> the lateral deflection which would occur in the 
I J -Frame at the level of the centroid of the flange 
being considered when a unit force acts laterally 
to the U -Fra me only at this point and 
simultaneously at each corresponding point on 
the other flange or flanges connecting to the same 
U-Frame. I he direction of each unit force should 
be such as to produce the maximum aggregate 
value of P’ The 1 1 -Frame should be taken as fixed 
in position at each point or inter section between 
the cross member and a vertical as free and 
unconnected at all other points, 

when 6 is not greater than a 7(40 E I ) 
l=a 

In cases of symmetrical U-Frames where cross members and 
stiffners are each of constant moment of inertia throughout their own 
length. 


35 


IR< '24-200 f 


(<?,) f fdj - h 

6 - — - + 

$Ef t El. 

where. 


distance ol the centroid of 1 he compression 
llunge from the top ol the cross member 

distance ol tlie ceulmid of (he compression 
llanue from the neutral axis ofthe cross member 

half the distance between centres of the mam 
gilders 


the moment of inertia of a pair of stiffeners 

about the centre of the web, nr a single stiffener 

about the face of the web. A width of web 

plate upto 16 times the web thickness may be 

included on each side of centerline of 
* 

connection 

moment of inertia of the cross member in its 
plane of bending 


MIX. 4, 3. Beams with laterally supported compression 
flanges: When a compression llauge is provided with effective discrete 
lateral restraints el fee live length 1 should be taken as the greatest distance 


centic to centre of restraint members between a restraint and a support. 
Where such restraint is provided by interconnecting bracing, 
consideration should be given to the possibility of lateral instability of 
the combined cross-section. 


5DX.4.4. C antilever beams without intermediate lateral 
support: When a cantilever beam is not provided with lateral support 
between its support and tip. I may be taken from Table K. 1 where L is 
the length of cantilever. 
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Table 8.1. Effective length I for a (‘antilever Beam without 

Intermediate l ateral Restraint 

{Clause M)i S 4.4} 


Restraint ( 'omliiinns 

Position of load 


Ai support 

At tip 

On tension flange 
where there is no 
lateral restraint to 
load or flange 

Al other 
position 

1 . Built in 

(a) Free 

1.4 L 

0.8 L 


(b> Tension flange held 
against displacement 
(c) Both flanges held 

1.4 L 

0.7 L 


against lateral 
displacement 

0.6 L 

0.6 L 

2. C ’ontuuunis 

(a) Free 

2.5 L 

1,0 L 

Lind both 

flanges held 

fli) 1 ension flange held 
against displacement 

2.5 1 

0.0 l. 

again si lateral 
displacement 

< u ) Both flanges held 
against lateral 
displacement 

1.5 1 

0,8 L 

3, l 'oiiuiuums 

la) free 

7.5 1 

3.0 L 

with tension 
flanges held 

( b> Tension flange held 
against displace men l 

7.5 1. 

2.7 L 

against lateral 
displacement 

(c) Both flanges held 
against lateral 
displacement 

4.5 L 

2,4 L 


Note . I .is l he Ienglh of (he cantilever 
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508.4.5. Beams continuously restrained by deck at 
compression flange level: A compression flange continuously 
supporting a reinforced concrete or steel deck shall be deemed to be 
effectively restrained laterally throughout its length (i.e., I = 0) if the 
frictional or positive connection of the deck to the flange is capable of 
resisting a lateral force of2.fi percent of the force in the flange at the 
point of maximum bending moment, distributed uniformly along length. 

508.5. Slenderness Ratio 

t he slenderness ratio X (i.e., 17 r ) of a beam shall not exceed 
300 and it shall not exceed 150 for cantilevers. 

Where, I = effective length of the compression Mange as 
specified in Clause 508.4, 

r = the rad i us of gyration of the whole beam about its 
y-y axis based on the gross moment of inertia and the 
gross sectional area. 

508.6. Permissible Bending Stresses 

508.6,1- [he tensile and compressive bending stresses 
calculated according to C lause 508. 1 ,2 shall not exceed the appropriate 
permissible stresses in Table 6,2. 

508.6.2. f or beams and plate girders with / smaller than / 
where, 

/ moment of inertia of the whole section uboul the axis lying in 
the plane of bending (y-y axis) 

i 

/ moment of inertia of the whole section about the axis normal 
to the plane of bending (x-x axis) 

live bending compression stress calculated according to Clause 

508,1.2 shall not exceed the permissible bending 
compressive stress o, given in I able 8.2 corresponding to f h , (elastic 
critical stress), calculated as follows : 
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Table 8.2, Values of <r Calculated from f rb for Different 

Values of f 
(Clause 508.6 2) 

All Units in MPa 


n 

■*r/i 

250 

340 

400 I 

20 

13 

13 

13 

30 

19 

19 

19 

40 

25 

26 

26 

50 

31 

31 

32 

60 

36 

37 

38 

70 

4! 

43 

44 

80 

46 

48 

49 

90 

51 

54 

55 

100 

55 

59 

60 

1 10 

60 

64 

65 

120 

64 

68 

70 

130 

67 

73 

75 

140 

71 

77 

80 

150 

74 

81 

84 

160 

78 

85 

89 

170 

81 

89 

93 

180 

84 

93 

97 

190 

87 

97 

102 

200 

89 

too 

105 

210 

92 

103 

109 

220 

94 

1 06 

1 12 

230 

96 

no 
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240 

99 

250 

101 

260 

103 

270 

104 

280 

106 

290 

108 

300 

1 10 

310 

1 1 1 

320 

1 13 

330 

114 

340 

1 15 

350 

117 

360 

118 

370 

t 19 

380 

1 20 

390 

121 

400 

122 

420 

124 

440 

126 

460 

128 

480 

130 

500 

131 

520 

133 

540 

134 

560 

135 

580 

136 

600 

137 

620 

138 

640 

139 

(>60 

140 

680 

141 


1 13 

1 19 

115 

122 

1 18 

126 

121 

129 

123 

132 

126 

135 

128 

137 

130 

140 

133 

143 

135 

145 

137 

148 

139 

150 

141 

152 

143 

155 

144 

157 

146 

159 

■ 148 

161 

151 

165 

i 

154 

169 

157 

172 

159 

175 

162 

178 

164 

18! 

166 

184 

168 

187 

170 

189 

172 

, 192 

174 

194 

175 

196 

177 

198 

178 

200 
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700 

142 

ISO 

202 


720 

143 

in 

204 


740 

143 

182 

205 


760 

144 

184 

207 


780 

145 

185 

208 


800 

145 

186 

210 


850 

147 

188 

213 


900 

148 

191 

216 


950 

149 

193 

219 


1000 

150 

195 

222 


1050 

151 

196 

224 


1 100 

152 

198 

226 


1 1 50 

152 

199 

228 


1200 

153 

200 

230 


1 300 

154 

203 

233 


1400 

155 

205 

236 


1500 

156 

206 

238 


i 600 

157 

208 

240 


1700 

157 

209 

242 


1 800 

158 

210 

243 


1900 

158 

21 1 

245 


2000 

159 

212 

246 


2200 

160 

213 

248 


2400 

160 

215 

250 


2600 

161 

216 

251 


2800 

161 

216 

252 


3000 

16) 

217 

253 


3500 

162 

218 

255 


4000 

163 

219 

257 


4500 

163 

220 

258 


5000 

163 

221 

259 


5500 

6000 

163 

164 

221 

222 

259 

260 
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Elastic critical stress 

The elastic critical stress / h lor beams and plate girders with /r smaller 
than lx shall be calculated using the following formula 

/ / = k t ( X + A\ Y } { vj c r ) 

where. • 

X = Y Vy +{ I / 2(} ){( I T) / (i\ D )j - MPa 

Y - 26,5 x t(Y/(t/i\ } ' MPa 

c r c respectively the lesser and greater distances from the section 
neutral axis to the extreme fibres 

/.) - overall depth of the beam 

T mean thickness of the compression flange 

/ effective length of compression flange 

r radius of gyration of the section about its axis of minimum 

strength (y-y axis) 

A - si co-efficient to allow for reduction in thickness or breadth 
of flanges between the points oi effective lateral restraini 
and depends on ip the ratio of total area ofbotli fluiigcs at the 
point of least bending moment to the corresponding area at 
the poinl of greatest bending moment between such points 
of restraint. Values or A, for different values of are given 
in Table 83. 

A = a co-efficient to allow for the inequality of flanges and 
depends on a, the ratio of the moment of inertia of the 
compression flange alone to that of the sum of the moments 
of inertia of the flanges each calculated about its own axis 
parallel to the axis of the girder, at the poinl of maximum 
bending moment. The values of A., for dillereut values m ol 
are given in Table 8,4. Values of A and 1 for appropriate 
values of D/r and tfr. are given in Table 8.5. 
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Table 8.3. Value of It, for Beams with Curtailed Flanges 

(Clause 508.6,2) 

^ 1.0 0.9 08 07 06 05 04 0.3 0.2 0.1 OO 

k t 1.0 1.0 TO 0.9 0.8 07 0,6 0.5 0.4 0.3 0.2 

Note : Flanges should not be reduced in breadth to give i\ value of 
lower than 0.25 

Table 8.4. Values of A\ for Beams with Unequal Flanges 

(Clause 508.6.2) 


p 

1.0 

0.9 

0,8 

0.7 

' 0.6 

0.5 

0.4 

0.3 

0.2 0.1 

0.0 

c 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

- 0.2 

- 0.4 

- .6 - 0.8 

- 1,0 


508.6.2.1 . Values of f vh shall he increased by 20 per cent when 
T/r is not greater than 2.0 and d/l is not greater than 1344/ \f[ where tl / is 
as defined in Clause 508.2.1 and i the thickness of the web and the 
value of '/’ is expressed in MPa. 

508.6.3. Beams bent about the axis of minimum strength 
(y-v axis): The maximum permissible bending stress in tension or in 
compression in beams bent about the axis of minimum strength shall 
not exceed the appropriate permissible stresses in Table 6.2. 

508.6.4. Angie and tee shapes: The bending stress in the leg 
when loaded with the flange or table in compression shall not exceed 
the appropriate permissible stresses in Table 6.2. When loaded wiili the 
leg in compression, the permissible bending stress shall be calculated 
from Clause 508.6.2 with A, = W.tfand T “ thickness of leg. 
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Table H.5. Values of A' and 1 for Calculating fvii 
(Clouse 508,6.2) 



:j«.i 


rK> s tsji) IKH TT^f r?3K l*47r |i«l L«<7S T«i7 IW'.' 


Ili^M 


45 

2loi 


17<T*I 

1 M 2 

mi 

IS22 

1 1 

M4'» 

| ^7 

55 

IfflJT 

1 ISO 

1 2 u 

1 (ftft 

fi(T 

14,17 

1 132 

1 LU4 

10211 

ft 5 

Mm 

1 uM 

ftH5 

0tJ4 

lu 

MSS 

MW5 

HEM 

*11 

75 

1004 

020 

Sin 

7 H 

HU 

KU4 

S4^ 

U\ 

(p72 


0 45 

7KH 

Ml 

bl* 

m 

SHh 

1 15 

ft Vi 

371 

(15 

HH 

{h’ftJ 

597 

534 

1(10 

7K7 

ft49 

$W) 


MU 

?• Mi 

5H2 

4^]0 

443 

l» 

1 1-4 4 

537 

431 


1.W 

5ot 

J»3 

1 1 1 

Ml 

|40 

54** 

4*4 

37* 

351 

IK* 

KM 

412 

.150 

JO* 

Kill 

474 

3*5 

12* 

JEW 

I7EI 

445 

lull 

if*i 

3Cl5 

iso 

420 

■(VS 

2 HO 

240 

MW 

397 

S 20 

27N 

233 

2un 

47ft 

irjj 

2 Mi 

i n 

210 

35* 

2\H 

243 

2IU 

220 

14 1 

275 

231 

2<W 

230 

42(i 

2 t >2 

220 

w 


112 

251 

21! 

i>ji 

iso 

209 

24* 

202 

(75 

2*ii 

2 KK 

231 

1 04 

1*7 

270 

277 

222 

Lflfr 

IM 

2 SO 

2i>7 

214 

1 HO 

135 

200 

257 

107 

173 

140 


24il 

KHT 

1*7 

144 


I 5*0 

Moo 

MO 5 

Mil 

1 (HO 

1 lft2 

E2ol 

1 24 N 

1214 

HM 

1 Ml 

HM 

1105 

IMMI 

ucs 

07ft 

047 


Of 1 1 

9IK 


K'35 

Muti 

7KS 

K47 

JHJft 

775 

72 m 

m07 

ft 70 

757 

71? 

OKV 

ft IK 

hill 

502 

ft* 2 

d-l4 

ft 1 5 

5ft7 

540 

522 

(i2 1 

5K4 

55t! 

5ftft 

4K 

4ft 3 

570 

533 

M 1ft 

4ft 1 

434 

417 

52 ft 

40 j 

iftJ 

420 

VJ4 

37? 

JKK 

454 

43K 

1K5 

IfH? 

143 

4^5 

42.1 

V3K 

35ft 

HI 

11.4 

402 

171 

>47 

307 

2S3 

2ft* 

350 

(10 

1EIH 

270 

247 

t k 1 


20?i 

277 

14(1 


204 

207 

271 

251 

* 217 

1 05 

IKl 

274 

24o 

230 

107 

! 7“ 

lft( 

25* 

2M1 

212 

LKI 

Iftl 

14* 

23ft 

214 

1^7 

Eft? 

14* 

1 

72! 

21)0 

IK4 

155 

1 17 

125 

S0H 

IS* 

172 

145 

127 

ITS 

1*7 

177 

Ifi2 

Lift 

1 10 

107 

Lift 

IbV 

153 

I2H 

M2 

101 

1 77 

MO 

145 

111 

105 

04 

1 *fP. 

152 

MK 

i 15 

09 

so 

i ft i 

145 

112 

ILHJ 

<*A 

K4 

151 

no 

126 

MM 

m 

HO 

MS 

1.13 

121 

90 

H5 

7ft 

142 

127 

M5 

0 5 

K2 

72 

1 17 

112 

M 1 

01 

n 

fW 

132 

UK 

307 

St 

75 

ftft 

! 27 

1 14 

103 

H4 

72 

ft4 


1 5 JO 

I.H5 

M27 

1 Mft 

1 IM 

1 ft 10 

1 IN! 

1 'ibft 

1 1 1 7 K 

Ml to 

IIV-7 

KWW 

017 

0112 

KOJ 

KKft 


H7fi 

77ft 

7ft2 

7M 

TJft 

741 

7 Oh 

05.7 

r.M 

ft45 

ftl? 

ft ij 

ft27 

SKI 

5ft 7 

559 

55 1 

547 

54 1 

511 

4m7 

4K9 

4H1 

47b 

471 

IM 

44<-> 

4*2 

*24 

42 1 

414 

40ft 

ft>2 

J85 

577 

571 

(ft? 

Iftv 

m 

(4* 

117 

174 

l 27 

312 

110 

M 1 

1 l>J 

500 

204 

504 

20 ft 

is 1 - 

275 

272 

2li5 

257 

24 1 

2 17 

2 20 

2251 

210 

222 

41)0 

203 

104 

l l H 

1*4 

104 

IKl 

174 

to? 


157 

172 

loo 

153 

1 45 

142 

M5 

154 

142 

1 15 

145 

124 

UK 

\m 

127 

121 

M3 

1 Ml 

104 

12ft 

L 15 

JLN 

102 

05 


1 if. 

105 

OS 

02 

KK 

K2 

107 

Of! 

♦HI 

SI 

KO 

7 1 - 

ijg 

K9 

*3 

7ft 

7K 

ttO 

0,1 

H2 

7ft 

70 

bft 

Ml 

K7 

77 

7! 

ft4 

Ei( 

^5 

s: 

72 

Mft 

ftO 

5ft 

50 

77 

( 1 ? 

■02 

^5 

^2 

4t* 

73 

ft4 


52 

40 

42 

ftH 

fti.1 

55 

4H 

45 

30 

«t 

57 

S2 

Jft 

42 

1ft 

hi 

54 

40 

4.1 

4U 

14 

ftE> 

51 

4ft 

41 

5K 

32 

57 

JO 

44 

5H 

55 

,10 


]sf t uc — * Intermediate values may be obtained by linear interpolation. 
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508,7. Permissible Shear Stress 

508 7 1 Maximum shear stress: The maximum shear stress 
in a member having regard U> the distribution of stresses in conformity 
with the elastic behaviour of the member in flexure, shall not exceed 
the appropriate permissible stress in I able (>.2. 

508 7,2. Average shear stress: l he average sheai si i css in a 
member calculated on the cross-section of the web shall not exceed the 
maximum permissible average shear stress vj as billows 


(a) For umtiff'encil webs : Appropriate permissible stress in l able 6.2. 

(h) For stiffen {fed webs: The values given in Tables 8.6. 8.7 and 8.8 
as appropriate yield stress values 250, 340 and 400 MPa 

respectively. 


Note : The allowable stresses given m Tables 8.6, 8 J and 8.8 
apply provided any reduction of the web cross-section is 
due only to rivet/boli holes, etc. where large apertures 
are cut in the web, a special analysis shall be made to 
ensure that the maximum permissible average shear 
stresses laid down in this standard are not exceeded. 
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Tn hk* 8.6, [‘ci ntisKihlc Average Shear Stress in Stiffened Webs of 

Steel with/ =250 Mpa 

(Clause 508. 7. 2) 
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Note Intermediate values may be obtained by linear interpolation. 
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Table K.7, Permissible Average Shear Sires* i iw in Stiffened Webs at 

Steel with jf —340 Mpa 

(Clause 508. 7.2) 


Strees i (Mpa) for different distances between stiffeners 
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Note— Intermediate values may be obtained hy linear interpolation. 
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ruble fi.H. Permissible Average Shear Stress in Sti ITened Webs of 

Steel with I =400 Mps 

(Clause M 8 . 7 J) 


St roes x (Mpa) for different distances between stiffeners 
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Note intermediate values may be obtained by lineai interpolation. 
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508.8, Curtailment of Flange Plates 

Each flange plate shall be extended beyond its theoretical 
cut-off point adequately. The extension shall contain sufficient 
rivets, bolts and welds to withstand the forces developed at the 
theoretical cut-otf point. 

In welded construction, the use of curtailed flange plates 
shall be avoided as for as possible, local strengthening being provided 
by other means, such as. inserting by butt welding a thicker and or 
wider plate. The heavier section plate shall be suitably tapered to 
the lighter plate. If. in welded construction the use of curtailed flange 
plates cannot be avoided, the end of the plate shall be tapered in 
plan to a rounded end and all welds shall be continuous round the 

ends. 


508.9. Connection nf Flanges to Web 

The flanges of plate girders shall be connected to the web 
by sufficient rivets, bolts or welds to transmit the horizontal shear 
force combined with any vertical loads which arc directly applied 
to the flange. In welded construction, where the web is in close 
contact with the flange before welding, vertical loads causing 
compression may be deemed to be resisted by the bearing between 

the flange and the web. 


508.10 Dispersion of Load Through Flange to Web 

Where a load is directly applied to a flange, it shall be 
considered as dispersed uniformly through the flange and the web 
at an angle of 45". 


508.1 1 . Web Stiffeners 

Web stiffeners shall be provided a,s follows : 
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50N. 1 J , I „ Load hearing stiffeners 

508. 1 1.1.1 General: Webs of plate girders and rolled beams 
shall be provided with load bearing stiffeners ai points of supports and 

al points ol concentrated load where reaction or concentrated load exceeds 
the value of 

1 * B 

where. 

a iit maximum permissible axial stress for struts as given 
in Clause 500.4.2. ! for a slenderness ratio of 

(djl M 

t “ web thickness 

r/, = clear depth of web between root fillets 

ft die Length ol the stiff portion of the bearing plus the 

additional length given by dispersion at 45" to the 
level of the neutral axis. The stiff portion of a 
hearing is that length which cannot deform 
appreciably in beading and shall not be taken as 
greater than half the depth ol the beams continuous 
over a hearing. 

508.11,1.2. Details and design 

fa) Load bearing stiffeners should be in pairs { i.e., two 
legs of plates, angles, etc.) placed symmetrically ai 
both sides of the web. When the condition is not 
met the et lecil ol the resulting eccentricity should be 
considered. 

(b) The ends ol the load hearing stiffener should be 
closely titled or adequately connected to both 
flanges, t hey should be shaped to allow space for 
any root fillet or weld connecting the web to the 
flange, with a clearance not exceeding five times 
the thickness of the web. 

(c) Load bearing stiffeners shall not be joggled and shall 
be solidly packed throughout. 
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(d) Outstanding legs or each pair of load bearing 
stiffeners shall be so proportioned that the bearing 
stress on that part of their area in contact with the 
flange and clear of the root of the flange or flange 
angles or clear of the flange welds, does not exceed 
the bearing stress specified in Clause 506.4.1, 

(e) Load bearing stiffeners consisting of two legs shall 
be designed as struts assuming the section to consist 
of the pair of stiffeners together with a length of 
web on each side of the centre line of the stiffeners 
equal to twenty times the web thickness (but limited 
to the edge distance of the web and half the distance 
of the adjacent stiffener). 

In case of bearing stiffeners consisting of four or 
more legs, the effective stiffener section should be 
taken to comprise the stiffeners, the web plate 
between the two outer legs and u portion of web 
plate not exceeding the length of the web as 
specified for single leg stiffeners on the outer sides 
of the outer legs. 

( 0 Hie rad i us of gyration shall be take n about the ax is 
parallel to the web of the beam or girder, and the 
working stress shall be tn accordance with 
appropriate allowable value for a strut, assuming 
the effective length equal to 0.7 times the length of 
the stiffener, 

(g) The load bearing stiffeners shall be provided with 
sufficient rivets, holts or welds to transmit to the 
web the whole of the load in the stiffeners, 

(h) When load bearing stiffeners at supports are the sole 
means of providing restraint against torsion (see 
Clause 508.4. 1 .2) the moment of inertia I of the 
stiffener shall not be less than 

f D* T / 250 ) x < R / IV ) 

1 m 

/ = moment of inertia of the pair of 
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stiffeners about the centre line of the 
web plate. 

D overall depth of the girder 

T m maximum thickness of compression 
flange 

R = reaction of the bearing 

W -- total load oil girder 

( i) In addition, the base of the stiffeners in conjunction 
with the bearing of the girder shall be capable of 
resisting a moment due to horizontal force specified 
in Clause 508 .4. 1 .3. 

508. 1 1 .2. Intermediate stiffeners 

508.11.2.1. General: When the thickness of the web is less 
than the limits specified in Clause 508.2.1. (a), transverse stiffeners 
shall be provided throughout the length of the girder. When the thickness 
of the web is less than the limits specified in Clause 508.2.1. (b), 
longitudinal stiffeners shall be provided in addition to the transverse 
stiffeners. 

In no case shall the greater unsupported dear dimension of a 
web panel exceed 270 i nor l he lesser unsupported clear dimension ol 
the same panel exceed 180 t where l is the thickness of the web plate. 

508. 1 1 .2.2. Transverse stiffeners: Where transverse stiffeners 
are required, they shall be provided throughout the length of the girder 
at a distance apart not greater than 1,5 d. and not less than 0.33 d |t 
where d^ is the depth as defined in Clause 508.2.1. Where horizontal 
stiffeners are provided d t shall be taken as the clear distance between 
the horizontal stiffener and the farthest tlange ignoring fillets. 

Transverse-stiffeners shall be designed so that / is not less than : 

1 .5 x (d ( l x t') / S J 
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where, 

/ - the moment of inertia til a pair of stiffeners 

about the centre of the web or a single 
stiffener about the face of the web 

( minimum required thickness of the web 

§ - the maximum permitted clear distance 

between stiffener for thickness i 

Note : If the thickness of the web is made greater, or the spacing of 
stiffener made smaller than that required by the standard, 
the moment of inertia of the stiffener need not be 
correspondingly increased. 

Intermediate transverse sut tenets, when not acting as load hearing 
stiffeners, may he joggled and may be single or in pairs placed one on each 
side of the web. Where single stiffeners are used, they should preferably be 
placed alternatively on opposite sides of the web. 1 lie stiffeners shall extend 
from flange to flange. They can be connected or fitted to, or kept well clear of 

ihe flanges. 

508,1 1.2.3. Longitudinal stiffeners 

Where longitudinal stiffeners are used in addition to vertical 
stiffeners they shall be as follows: 

One longitudinal stiffener, on one or both sides ol the web, 
shall be placed at a distance from the compression flange equal to two 
fifths of the distance from the compression flange to the neutral axis, 
when the thickness ot the web is less than d,/200 loi steel conlorming 
to 1S;2062 and dJISO for steel conforming to IS: 8500 where d, is the 
depth ofwpb as defined in Clause 508,2.1. This stiffener shall have a 
moment of inertia / not less than 4 S { t 3 where / and / are as defined in 
Clause 508. 1 1 .2.2 and S f is the actual distance between stiffeners. 

A second longitudinal, on one or both sides of the web shall be 


53 


IRC: 24-2 001 


placed on the neutral axis of the girder when the thickness of the web is 
less than t/,/250 for steel conforming to IS:2Q62 or (IJ22S for steel 
conforming to IS:8500. The stiffener shall have a moment of inertia / 
not less than d J y where l and / are as defined in Clause 508.1 1 .2.2 and 
f/ T in Clause 508.2. 1 . 

Longitudinal stiffeners shall extend between vertical stiffeners 
but need not be continuous over them or connected to them. 

508 .1 1 .2.4. External forces on intermediate stiffeners: When 
vertical intermediate stiffeners are subject to bending moments and 
shears due to the eccentricity of vertical loads, or the action of transverse 
forces, the moment of inertia 1 of the stiffeners specified in Clause 
508.1 1.2.2 shall be increased as follows: 

(a ) Bending moment on stiffener due to eccentricity of 
vertical loading wuh respect to the vertical axis of 
the web : 

Increase of I — ( i 5 M D s ) / (E t } 

(b) Lateral loading on stiffener 
Increase of 1 = ( 3 P D*) / (E 0 

where, 

M ' the applied bending moment 
D = overall depth of girder 
E — Young’s modulus 
t = thickness of web 

P = lateral force to be taken by the stiffener and 
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deemed (o be applied at ilic compression flange 
of the girder . 

508. 1 1 .2.5. Connection of intermediate stiffeners to web; 
Intermediate transverse and longitudinal stiffeners not subjected to 
external loads shall be connected to the web by welds or rivets, in 
order to withstand a shearing force m kilograms per millimetre run 
between each component of stiffener and the web, of not less than 
1 2.6.t : /h, where, l equals web thickness in mm and h equals the 
projection in mm, of the stiffener component from the web. 

508. 1 1 .2-6. Outstand of all stiffeners: Unless the outer edge 
of each stiffener is continuously stiffened, the oulsland from the 
.veb shall not be more than the following : 

For sections : 16t for sled conforming to IS: 2062 

1 4t for steel conforming to 1$:850Q 

For flats : I2t for all steels 

* 

Where t is the thickness of the section or Hat. 

508.12, Flange Splices 

Flange joints should preferably not be located at points of 
maximum stress. Where splice plates are used, their area shall be 
atleast 5 percent in excess of the area of the flange clement spliced, 
their centre of gravity shall coincide, as nearly as possible, with 
that of the element spliced. There shall be enough rivets or welds 
on each side of the splice to develop the load in the element spliced 
plus 5 per cent, hut in no case should the strength developed be less 
than 50 per cent of the effective strength of the material spliced. 
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In welded construction, flange plates or angles shall he joined 
by full penetration butt welds wherever possible. These butt welds 
shall develop the full strengths of plates or angles. Where this is 
not possible, splice plate should be used. 

508. 13. Splices in Webs 

Splices in the webs of plate girders and rolled sections shall 
be designed to resist the shears and moments at the spliced section. 

In riveted construction, splice plates shall be provided on 
each side of the web. In welded construction, web plates shall be 
joined by full penetration butt welds wherever possible. Where this 
is not possible, splice plate may be used on both sides. 

508. 14. End Connections 

{ onncctions at the ends of all beams designed as simply 
supported beams shall have flexibility to take angular deffeelion,. 

508. 1 5. Lateral Bracing 

All spans shall he provided with a lateral bracing system 
extending from end to end of sufficient strength to transmit to the 
bearings all lateral forces due to wind, seismic effect etc., as 
applicable. 

508. 16. Expansion and Contraction 

In all bridges, provision shall be made in the design to resist 
thermal stresses induced, or means shall be provided for movement 
caused by temperature changes. Provision shall also be made for 
changes in length of span resulting from live loads. 
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509. DESIGN OF COMPRESSION MEMBERS 

509.1. General 

Design of compression members should generally follow the 
considerations under Clause 511.3 under “Trusses or Open Web Girders” 
of this Code. 

509.2. Base Plate 

509.2. 1 . Base plate is a structural part which serves as medium 
for uniformly transferring load from me mber/sianc hi on/column to 
foundation, 

509.2.2. Area of base plate should be such that at any point 
reactive pressure acting on it is less than allowable stress of concrete in 
compression. 

• 4 ,- “ ‘ V/<T „ 

where, 

A ) ~ Area of base plate 

N = Load in the member 

0 - Allowable compressive stress of concrete 

For (Crushing value of concrete) IS:450 may be 
referred for guidance. 

509.2.2.1. Width of base plate should be B = h( orh) + 2t s + 2c, 

where, 

h and ti = Size of member/stanchion/column, 

1 - Thickness of saddle plate, 8-10 mm 

jf 

c =■ Cantilever portion restricted to 100 - 120 mm, but 
not less than 20 mm from outside member, stiffener 
to ihe edge of base plate. 

Length of base plate L - 

B 
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A f = Area of base plate 

509.2.2.2. Thickness of base plate should not be less than 20 mm. 

509.2.2.3. Thickness of plate is determined from its bending 
consideration due to reactive pressure of foundation on base plate. 

P { = N/A r 

where. 

P = Reactive pressure on base plate 

Base plate area in general can be divided in four types depending 
upon boundary conditions of support (sti ffeners). 

(0 Cantilever 

(ii) Supported on two sides perpendicular to each other 
fiii) Supported on three sides 
(iv) Supported on four sides 

5 09. 2. 2. 3.1 . Bending moment in ease of cantilever for 1 cm 
width of base plate (case-1 ) : 

M. = P- c : / 2 

s r 

509.2.2.3.2. Maximum bend mg moment in centre of free B- 
side in cases of plate having support at three sides and also at two 
perpendicular sides; 

' M : = P F fr 

where, 

b = Length of free shorter side of plate 
a Coefficient as per table below depending on a/h. 


a/h 

0.5 

0.6 

0.7 

0.8 

0.9 

L0 

1.2 

1.4 

2.0 

More 

tliati 2 

a 

0.06 

0.074 

0.088 

0.097 

0.107 

1 

0.112 

i 

0.120 

0.126 

0.132 

0.133 
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\\' a/h < 0.5 ihc support of plate on a -side does not have any 
effect, as such for bending moment on base plate formula for cantilever 
type should be used with c = a. 

509,2.2.3.3. Maximum Bending Moment in case of'plate having 
support at four sides. 

Af , =P P, 


where, 

b f = is short side length 

p Coefficient as per table below, depending on a/b ( . 


a/b| 

1.0 

l.l 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

IVWc 

than 2 

P 

0.04H 

0.055 
. 

0 063 

0.069 

0.075 

0.081 

0.086 

0 091 

0.094 

0.098 

0.1 

0. 1 25 


In case of a/b t > 2 , plate works as single span simply supported 
beam and bending moment, 

- P F (h) : V 8 

509.2.2.3.4. Thickness of the base plate t H - vfW 

er 

where, 

M = Maximum bending moment considering all areas in 
which base plate is divided. 
o ) = Maximum permissible bending stress in slab base. 

509.2.2.4. Section of stiffeners saddle element of base plate 
and its connections are designed for loads coming on them. Mam 
stiffeners are designed as simply supported over hanging beam loaded 
with uniformly distributed load equal to qs } = P r x /, and checked for 
bending and shear stresses. 
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509.2.2.4.1. Secondary stiffeners (considering cantilever) are 
designed for load equal to f/.v , =■ P f x /, and checked for bending and 
shear stress. 

509.2.2.5. Welded and riveted connections arc designed to 
translei the loads coming on .stiffeners It) main member and also to 
connect base plate with stiffeners. 

509.2.2.6. In ease of heavy load transfer from member to the 
base p Laic machining of contact surface between base plate and member 
is recommended and the area ot the base plate shall be sufficient to limit 
the stiess in hearing for whole of the load. In such cases, the weld or 
rivet connecting base plate with slilfcners and main member should be 
designed for 25 percent of total load coming on base plate (for resisting 
the unforeseen bending and shear) which should be resisted by total 
weld length or all rivets. 

509.2.2.7. Rase plate (or eccentrically loaded members - Action 
due to bending moment in base plate along with compression causes 
non-uniform pressure on the foundation and value of max. and min. 
pressure can be computed as under: 

I> = ^ + 6 J^L + 6My 

BL~ BL : ~ LB' 

where, 8 & L are width and length of base plate. M and 
A/ are moments in the length and wid'h direction of base 
plate respectively. 

509.2.2.8. I hickness of base plate is computed as per Clauses 
509.2.2.3,1 to 509.2.2.3.4 and bending moment is calculated based 
on maximum pressure acting on each area in which base plate is 
divided, neglecting non-uniform pressure from foundation on base 
plate on conservative side. 
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509.2.2.9. Elements of base plate main and secondary 
stiffeners are designed as per Clauses 509.2,2.4 and 509.2.2.4. 1 . 


509.3. Cap Plate 

Cap plate serves as medium for transferring the axial load from 
structure above (beam, girder) uniformly to the member/stanchion 

509.3.1 The thickness of cap plate should be preferably 1 6-25 
mm and stiffener's thickness should not be less than 

_t 41m 

p times width ol stiffener* where F \s the yield 
stress of stiffener in ^.g/cnv 

509.3. 1 .2. When the load from beam is transferred to stanchion 
member through bearing stiffeners extended beyond the beam, the cap 
plate serves as media to transmit this load to the stiffeners connected to 
web of stanchion/ member, or to tie beam for lattice member by rivet or 
weld. The cap plate is designed for specified load, 

509.3.1.2.1. If the beam/girder is supported on stanchion in 
such a manner that loads are directly transmitted to the flange of 
stanchion or main element or lattice member, cap plate should be 
provided as per Clause 509.3.1 without calculation 

509.3.1.3. The width of cap stiffeners is determined from 
bearing criteria h = N antl a * so shear stress should not 

a . Ac 

exceed specified stress : N <cr 

I A 

5i’ r 

where, 

/ = Length stiffener. 1o be sufficient for transmitting the load to web 
of stanchion by rivet or weld. 
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v llf . Basic permissible bearing stress 
N — Load to be transmitted from girder/beam 
= Width of stiffener 
f, ~ Thickness of the stiffener. 

510. DESIGN OF TENSION MEMBERS 

5 10, 1 . Design of tension member should generally follow the 
considerations under Clause 511.4 under "Trusses or Open Web 
(jirders” of this Code. 


51 1. DESIGN OF TRUSSES OR OPEN WEB GIRDERS 
511,1. General 

i russes or open web girders are defined as triangulated skeletal 

girders, 

for ana lysis of trusses, the following assumption may be made 
unless rigorous rigid frame analysis is adopted : 

(a) AJI members are frictionless pin jointed. 

(h) All members are straight and free to rotate at the joints. 

(c) All loads including self weight of members are applied at 
the joints. 

Stipulations made in this section are not applicable for design of 
stiffening trusses of suspension bridges, 

51 1.2. Intersection at Joints 

I 1 or triangulated trusses designed on the assumption of 
fiic lion less pin jointed connections, members meeting at a joint 
should, where practicable, have theircentroidal axis meeting at a point, 
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and wherever practicable the centre ol'resistance of a connection shall 
lieon the line of action of the load so as toavoid an eccentricity moment 

on the connections. 

If at a joint, the centroidal axis of the adjacent members do 
nG t meet at a single poi nt. the resulting flexural stresses in the members 
should be taken mto account as secondary stress. 

Where loads are not applied at truss joints, account should be 
taken of the following : 

(a) resulting stresses where load is applied to a member in the 
plane of a truss other than at a joint. 

(b) torsion and lateral flexure effects when the applied load is 
not in the plane of the truss. Where the load is applied to a 
cross member, the effect of interaction between the cross- 
niember so loaded and the truss and adjacent cross member 
should be token into account. 

5 l U. Compression Members 

511.3.1, General requirements: This Clause covers the 
design of straight members of uniform cross-section subjected to axial 
compression or to combined compression and bending, 

5 1 1 .3.2. Effective Section 

511.3.2.1. The properties of the cross-section should be 
computed from theeffective sectional area. Where plates are provided 
solely for the purposes oflacing or battening these shall be ignored 
in computing the radius oi gyration of the section. 

5 1 1 .3.2.2, The effective sectional area shall be the gross area 
less the specified deduction for excessive widths ot plate (see Clauses 
51 1.3. 2. 3 & 51 1 . 3 . 2. 4) and the maximum deduction for open holes. 
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including holes for pins and black bolts (see relevant clause of this 
code) occurring in a section perpendicular to the axis of the member 
within the critical zone of the compression member, 

51 1.3. 2. 3, For members other than circular hoi low section for 
calculating the effective cross-sectional area ofa member in compression 
the effective width h of a plate, in terms of its width b measured 
between adjacent lines of rivets, bolts or welds connecting it to other 
parts of the section, unless effectively stiffened shall he taken as : 

(i) For riveted, bolted or stress relieved welded members 
in mild steel 

For b/t not above 45, h = b 
For b/t above 45. b = 45/ 

i' 

with a maximum value of h/t 90 

(ii) For riveted or bolted members in high tensile steel 
For b/t not above 45, b ~ h 

i* 

For b/t above 45. f> - 40t 

17 

with a maximum value of h/t — 80 

(lii) For welded members (not stress relieved) in mild steel 
or in high tensile steel 

For b/t not above 50. h = b 

t' 

For b/t above 30, h - 40t x [(b/t - iS) / (b/t - !4)] 
with a maximum value b/t = 80 

In the above, “t " is the thickness of a single plate or the 
aggregate thickness of two or more plate, provided these 
are adequately tacked together considering maximum 
allowable pitch and edge distance of rivets or bolls. 

51 1 .3,2.4. The unsupported projection of any plate, measured 
trom its edge to the line of rivets, bolts or welds connecting the plate 
to other parts of the section shall not exceed : 
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Where, “t” is as de lined above. However, in ease of compression 
flanges *t* is the thickness of the thinnest flange plate or the aggregate 
thickness of two oi more plates when the projecting portions of these 
plates arc adequately tacked together. 

51 1 .3.3. Permissible Stress and Slenderness Katio 

51 ] .3.3.1. Permissible stress : Values of permissible stress 
in axial compression in MPa for some of the structural steels 
corresponding to various slenderness ratios are given in 'fable 11.1. 

Table 11. I* Permissible Stress <r r (MPa) in Axial 
Compression for Steels with various 
Yield Stresses 

(Clause 511.3.3.1) 



Yield stress (/ ) MPa 

X - l / 1 -nU 

250 

340 

400 

10 

150 

204 

239 

20 

148 

201 

* 235 

30 

145 

194 

225 

40 

139 

183 

210 

50 

132 

168 

190 

60 

122 

152 

16S 

70 

1 12 

135 

147 

80 

101 

1 18 

127 

90 

90 

103 

109 

100 

80 

90 

94 
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no 

72 

79 

82 

120 

64 

69 

71 

130 

57 

61 

62 

140 

51 

54 

55 

150 

45 

48 

49 

160 

41 

43 

43 

170 

37 

38 

39 

1 80 

33 

34 

35 

1 90 

30 

31 

31 

200 

28 

28 

28 

210 

25 

26 

26 

220 

23 

24 

24 

230 

21 

22 

22 

240 

20 

20 

20 

250 

i 8 

18 

19 


where, / = effective length of the member and r = radius of 
gyration 


51 1.3. 3. 2. The ratio of the effective length to the least radius 
of gyration shall not exceed : 

V20 for main members, mid 

140 for wind bracings ami subsidiary members. 

5 1 L3.3.3. All values of Permissible Stress in Axial Compression 
in MPa for Structural Steel with Yield Stress other than those shown 
in Table II.’ may be calculated by using the following formula subject 
to the condition that s shall not exceed 0.6 f 

rtf 


66 


IRC': 24-200 1 


a = 06 f xf 

a + < r 


where. 


no . 


/9i 


a il pemiHWi'We (#i «.xvV// co/tt/5mv.\v7>w, m MPa 

f — yield stress of steed, in MPa 
f — elastic critical stress in compression, - fr E 

A J 

E = modulus of elasticity of steel; 2 x HP MPa; 

X(~I/r) = a slenderness ratio of the member, ratio of the 
effective length to appropriate radius of gyration; and 
n = a factor assumed as i 4 

51 1.3.4. Lacing anti Battening: The open sides of built up 
compression members of channel or beam sections shall be connected 
by lacing or battening where the length of the outstand towards the 
open side exceeds 1 6 times the mean thickness of the outstand for mild 
steel and 14 times the mean thickness of the outstand for H.T. Steel. 


511.3,5. Lacing and battening plates shall be designed in 
accordance with Clauses 5 1 1 .3,9 and 51 1.3. 10 and shall be proportioned 
to resist a total transverse shear force Q at any point in the length of 
the member equal to at least 2.5 per cent of the axial force in the 
member together with all shear due to external forces, if any, in the 
plane of lacing. The shear force Q shall be considered as divided 
equally among all transverse system and plating in parallel planes. 


51 1.3.6. Compression members composed of two or more 
components connected as Described in Clauses 51 1,3.8, 51 1.3.9 and 
51 1.3.10 may be designed as homogeneous members. 


5 1 1.3.7, Effective length of compression members other 
than lacings 

5 1 1 .3.7. 1 . in riveted, bolted or welded trusses, the compression 
members act in a complex manner and the effective length to be used 
in computing allowable working stresses for compression members 
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shall he taken as given in Table 11 .2 except that, for battened struts, 
all values given in table shall be increased by JO per cent. 

Table 11.2. Effective Leu gh of Compression Members 


Member 


Chords 


Effective length l of member 


For hue k ling in the 
plane of l he truss 


0.85 x distance 
between centres of 
intersection with 
the web members 


For buckling normal to ihe plane 

of the truss 


Compression chord 
or (compression) 
member effectively 
braced by lateral 
system 


0.85 x distance between 
centres of intersection 
with the lateral bracing 
members or rigidly 
connected cross 
girders 


Compression 
chord or 
(compression) 
member unbraced 


See Clause 
5 1 1 .3.7.4 


Single 
triangulated 
system 


0,70 x distance 
between centres 
of intersection 
with the main 
chords 


0.85 x distance 
between 
centres of 
intersections 


Distance 
between 
centres of 
intersection 


Web 


Multiple 

0,85 x greatest 

0.70 x distance 

0.85x distance ! 

intersection 

distance between 

between centres 

between centres 

system where 

centres of any 

of intersection 

of intersection 

adequate 

two adjacent 

with the main 

with the 

connections are 
provided at all 
points of 
intersection 

intersection 

chords 

main chords 


Note The intersection referred to are those of (he centro idal axis ot the 
members. 
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5 1 1 .3.7.2. For single angle discontinuous struts connected to 
gussets or to a section either by riveting or bolting by not Jess than two 
rivets or bolts in line along the angle at each end, or by their equivalent 
in welding, the eccentricity of the connection with respect to the centroid 
of the strut may be ignored and the strut designed as an axially loaded 
member provided that the calculated average stress docs not exceed the 
allowable stresses given in Table ll.l of Clause 5 1 1 .3.3 in which “I" is 
the length of the strut, centre to centre of fastenings at each end and ‘r’ 
is the minimum radius of gyration. 

5 11 .3.7.3. For single angle discontinuous struts intersected by, 
and effectively connected to another angle in cross bracing, the effective 
length m the plane of bracings shall be taken as in fable 1 1 .2 in Clause 
5 1 1 .3.7. 1 and normal to the plane of bracing the effective lengths shall 
be taken as the distance along the bracing members between the points 
of intersection and the centroids of the mam member. In calculating the 
ratio of slenderness, the radius of gyration about the appropriate 
rectangular axis shall be taken for buckling normal to the plane of the 
bracing and the least radius of gyration for buckling in the plane of the 
bracing. 

5 1 1 .3.7.4, Effective length of unbraced compression chords: 
For simply supported trusses with ends restrained at the bearings against 
torsion, the effective length 1 of the compression chord for buckling 
normal to the plane of the truss shall be taken as follows: 

(a) With no lateral support to compression chord; where 
there is no lateral bracing between compression 
chords and no cross frames: 

/ = span 

{ b > With compression chords supported by U-frames, 
where there is no lateral bracing of the compression 
chord but where cross members and verticals 
forming U-frames provide lateral restraints: 
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/ = 2 5 x VJe / u Sj but not less than “a " 

where, 

E - Young’s modulus 

/ maximum moment of inertia ot compression 
chord about the axis lying in the plane of the 
truss. 

a - distance between frames, and 

S= the virtual lateral displacement of the 
compression chord at the frame nearest to mid 
span of the truss, taken as the horizontal 
deflection of the vertical members. This 
deflection shall be computed assuming that the 
cross member is free to deflect vertically and 
that the tangent to the deflection curve at the 
centre of its span remains parallel to the neutral 
axis of the unrestrained rross member. 


when 6 is not greater than _a~ 


In case of symmetrical 1 1-frames, where cross 
member and verticals are each ol constant moment 
of inertia throughout their own length; it may be 
assumed that : 

S = (<!)-+ UUC 

2FJ / FJ, 

where, <1, ~ distance ofthe centroid of the compression 

chord from the top of the cross member 

= distance of the centroid ofthe compression 
chord from the neutral axis of the cross 
member 
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where. 


C = half l lie distance between centres of the 
main trusses 

E = Young's Modulus 

! s — moment of inertia of the vertical in its plane 
of bending and 

/, = moment of inertia of the cross member in 

tts plane of bending 

U* frames shall have rigid connections and shall be 
designed to resist, in addition to the effects of wind 
and other applied forces, the effects of a horizontal 
force F acting normal to the compression chord of 
the truss at the level of the centroid of this chord 
where: 

F = /_jxjon-Jl 

d( Co-!, ?) 

In the above formula : 

4 

/ - 2,5 x V{E f a 3 ) 

3 - the deflection of the chord under the action 

of unit horizontal force as difmed above 
C = Euler critical stress in chord - _/£■’£ 

0M2 

E — Young's Modulus 

r = radius of gyration 

f - calculated working stress in the chord, 

tr 
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(c) With compression chord supporting continuous deck. 

a compression chord continuously supporting a 
reinforced concrete or steel deck shall be deemed 
to he effectively restrained laterally throughout its 
length (e.g., t = 0) if the friction or positive 
connection of the deck to the chord is capable ol' 
resisting a Lieral force, distributed uniformly along 
its length of 2.5 per cent of the maximum force in 
the chord, in addition to other lateral forces. 

51 1.3.8. Compression member composed of two components 
back to back. 

5 1 1 .3.8.1 . Compression members composed of two angles, 
channels or lees back-to-back and separated by a distance not exceeding 
50 mm shall be connected together by riveting, bolting or welding, 
so that maximum ratio of the slenderness 1/r of each component of 
the member between such connections is not greater than 50 or 0.5 
times the maximum ratio of slenderness of the member as a whole, 
whichever is less, where I is the distance between the centres of 
connection. 

The number of connections shall be such that the member is 
divided into not less than three approximately equal parts. 

51 1 .3.8.2. Where the members are separated back-to-back the 
rivets or bolts in these connections shall pass through solid washers 
or packings, and where the connected angles, legs or tables of tees 
are ! 25 mm wide or over or where webs of channels are 1 50 mm wide 
or over, not less than two rivets or bolts shall be used in each 
connection, one on the line of each gauge mark. 
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51 1 .3.8.3. Where these connections are made by welding, 
solid packings shall be used to effect the jointing unless Die members 
are sufficiently close together to perm it butt welding, and the members 
shall be connected by welding along both pairs of edges of the main 
components. 

51 1.3. 8. 4. The rivets, bolts or welds in these connect ions shall 
be sufficient to carry the shear forces and the moments specified lor 
battened struts and in no case shall the rivets or bolts be less than 1 6 mm. 

51 1 ,3,8.5. Compression members connected by such riveting, 
bolting or welding shall not be subjected to transverse loading in a 
plane perpendicular to the riveted, bolted or welded surfaces, 

511.3.8.6. Where components are in contact back-to-back 
riveting, bolting or Intermittent welding shall be done in accordance 
with applicable clauses. 

51 1.3.9. Design of lacing of compression members 

51 1. 3.9.1, As far as practicable, the lacing system shali'not 
be varied throughout the length of the compression member. 

5 1 1 .3.9.2, Lacing bars shall be inclined at an angle of 40 to 
70 degrees to the axis of the member where a single intersection system 
is used, and at an angle of 40 to 50 degrees where a double intersection 
system is used. 

51 1.3, 9. 3. Exceptfor tic plates as. specified in Clause 51 1, 3.9.8, 
double intersection lacing systems shall not be combined with members 
of diaphragms perpendicular to the longitudinal axis of the main 
member, unless all forces resulting from deformation are calculated 
and provided for in the lacing and its fastenings, 

51 1 .3.9.4. Lacing bars shall be so connected that there is no 
appreciable interruption of the triangulation of the system. 
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5 i i .3.0.5. I’hc maximum spacing of lacing bars whether by 
welding, riveting or bolting shalibe such that the maximum slenderness 
ratio t/r of the components of the compression member between 
consecutive connections o I the lacing bars to one component is not 
greater than 50 or 0.7 limes the maximum ratio of slenderness of the 
member as a whole whichever is lesser where 1 is the distance between 
the centres of the connections of the lacing bars to one component. 

5 1 1 .3.9.6. The required section oflacinghars shall be detenu i tied 
by using permissible stresses for compression and tension members 
given in Clause 51 1.3 .3. 1 and Table 111 The ratio 1/r of the lacing 
bars shall not exceed 140. For this purpose, the effective length 1 shall 
be taken as follows : 

(a} In riveted or boiled construction : The length between the 
inner ends of rivets or bolts of the lacing bar in single 
intersection lacing ami 0.7 limes this length loi double 
intersection lacing el lee lively connected at into sec l ions, 

(b) In welded construction : The distance between the inner 
ends of effecti ve lengths of we Ids connecting the bars to the 
components in single intersection lacings and 0,7 times ibis 
length for double intersection lacing effectively connected ai 
intersections. 

51 1.3. 9. 7. Lac mg bars shall be connected to the main members 

cither by riveting or boiling by one or more rivets or bolls, in line along 
the lacings or by welding at each end sufficient to transmit the load 
to the bars. Any eccentricity ol the connection with respect to the 
centroid of the lacing bar may be ignored and the lacing designed as 
an axially loaded strut provided that the calculated aver age stress docs 

not exceed the allowable stress given in Table 1 l.l orv. Where welded 

lacing bars over lap the main component, the amount of tap shall not 
he less than four times the thickness ol the bar or lour times the mean 
thickness of the flange of the component to which the bars arc attached, 
whichever is less . Welding shall be provided at least along each side 
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of the bar for the full length of the lap and returned alongthe chds 
of the bar for a length equal to at least four times ihe thickness oi the 
bar or width of the bar whichever is less* 

Where lacing bars are fitted between the main components 
they shall be connected to each component by fillet we Ids on both sides 
of the bar or by full penetration butt welds. 

5 1 1 *3.9.8 Laced compression member shall be provided with 
tie plate at the ends of the lacing systems, at points where the lacing 
systems are interrupted and where the member is connected to ant .her 

member. 

5 j l .3.9.9. The length of end tie plates measured between end 
fastenings along the longitudinal axis of the member shall not be less 
than (a) the perpendicular distance between the lines of rivets connecting 
them to the flanges or (b) the distance between vertical side plates 
of the main chords whichever is greater and shall be at least equal 
to (c) the depth of the cross girders where these are directly attached 
to the struts and the length of intermediate tie plates shall be not less 

than 3/4 of (a) above. 

51 1.3.9*10. The thickness of tie plates shall not be less than 
1/50 of the distance between the innermost lines ot rivets, bolts or 
welds except when effectively stiffened at the free edges in which case 
the minimum thickness may be 8 mm. For this purpose the edge 
stiffener shall have a slenderness ratio not greater than 170. 

511.3*9.11* Tie plates and their fastenings (calculated in 
accordance with the method described for battens) shall be capable 
of carrying the forces for which the lacing system is designed. 
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51 1 .3.9.12. When angles, channels, etc. are used instead of 
end tie plates or are provided where l lie lacing system is interrupted, 
these shall be designed by the same method as for battens. The end 
batten or the intermediate batten and its fastenings shall he capable 
of carrying the forces for which the lacing has been designed. The 
l/r shall not exceed 140, 

511.3.10, Battening of compression members: Battened 
compression members shall comply with the following requirements: 

511.3.10.1. The battens shall be placed opposite each other 
at each end of the member and at points where the member stayed 
in its length and shall, as tar as practicable, be spaced and proportioned 
uniformly throughout, The number of battens shall be such that the 
member is divided into not less than three bays within its actual length 
between centre~to-centre of connections. 

511.3.10.2. In battened compression members when the 
slenderness ratio about the Y- Taxis (axis perpendicular to the battens) 
is not more than 0.8 times the ratio about the X-X axis, the spacing 
ofbattens between cenlre-to-cenfre of end fastenings shall be such that 
the ratio ol slenderness l/r of the lesser main component over this 
distance shall not be greater than 50 or 0.7 times the ratio of 
slenderness of the member as a whole about its W-A'axis (axis parallel 
to the battens). 

In battened compression members in when the slenderness 
ratio about the Y-Y axis is more than 0.8 times the ratio about the 
X-X axis, the spacing of battens between centre -to-centre of end 
fastenings shall be such that the ratio of slenderness l/r of the lesser 
main component over this distance shall not be greater than 50 or 0.7 
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times the ratio of the slenderness of the member as a whole about its 
weaker axis. 

51 1.3.10.3. Battens shall be plates, channels or / sections and 
shall he riveted, bolted or welded to the mam components. Battens 
and their connections shall be so designed that they resist simultaneously 
a longitudinal shear force equal to QD/na and a moment equal to Ql>/ 
2n where 

D » the longitudinal distance between eentre-to-centre of battens. 

a - the minimum transverse distance between the centroids ol’ 
rivet or boll groups or welding. 

Q - the transverse shear force as defined in l lause 5 1 1 .3.5 

n = the number of parallel planes of battens 

51 1.3.10.4, The effective length of a batten parallel to the axis 
of a member shall be taken as the longitudinal distance between the 
end fastenings. End battens shall have an effective length ol not less 
than (a) the perpendicular distance between the lines of rivets connecting 
them to the components, or (b) the distance between the vertical side 
plates of the main chords whichever is greater and shall he at least 
equal to (c) the depth of the cross girders where these arc directly 
attached to the struts; and intermediate battens shall have an effective 
length of not less than 3/4 of (a) above, but in no case shall the length 
(of any batten) be less than twice the width ol the smaller component 

in the plane of the battens. 

51 1.3.10.5. The thickness of batten plates shall not be less 
than 1/50 of the minimum distance between the innermost lines ol 
connecting rivet, bolls or welds, except when effectively stiffened at 
the free edges, in which case the minimum thickness may be 8 mm; 
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for the purpose the edge stiffeners shy! I have a slenderness ratio not 
greater than 1 70. 

5 1 1.3. 10.6. The length of weld connecting each longitudinal 
edge of the batten plate to a component shall in the aggregate he not 
less lhan half the length of the hatten plate and at least one third of 
the weld shall be placed at each end of the longitudinal edge. In 
addition, the welding shall be returned along the ends of the plate for 
a length equal lo at least four times the thickness of the plate. 

Where tie or batten plates are fitted between main components 
they shall he connected to each component either by fillet welds on 
each side of the plate, at least equal in length to that specified in the 
preceeding paragraph or by complete penetration butt welds along the 
whole length of the plate. 

5 I 1.3.10.7. Battened compression members not complying 
with these requirements, or those subjected to bending moments in 
the plane of the battens shall be designed according to the theory of 
clastic stability, or empirically with verification by tests, so that they 
have a load factor of not less than 1.7. 

51 1.3.10.8. Battened compression member composed of two 
angles forming a cruciform cross-section shall conform to the above 
requirements except as follows : 

(i) the battens shall be in pairs placed in contact one against 
the other, unless these are welded to form cruciform 
battens, 

(ii) a transverse shear force 023 shall be taken as 

occurring separately about each rectangular axis of 
the whole member. 

(iii) a longitudinal shear force of Mil and the moment 

a £ 

shall be Mil taken in respect of each batten in each of 

2^2 
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the two planes, except where the maximum value 
j/ r C an occur about a rectangular axis, in which case 
each batten shall be designed to resist a shear force 
of 2.5 per cent of the total axial force. 

Note : Q, D and a as given in above lormula are as detined 
in Clause 5 1 1 .3. 10,3 

5 1 1 .4, Tension Members 

511.4.1. General requirements: Tension members should 
preferably be of solid cross-section. However, when composed ol two 
or more components these shall be connected as described in Clauses 

5 1 1 .4.6. 5 1 1 .4.7 and 5 1 1 .4.8. 

5 1 1 .4.2. Effective sectional area: I he properties ot the cross 
section shall be computed from the effective sectional areas as given in 
Clause 507.8.2. When plates are provided solely for the purposes ol 
lacing or battening, they shall be ignored in computing the radius of 

gyration ol the section. 

5114 3 . Slenderness ratio: For main members, the ratio ot 
unsupported length to the least radius of gyration shall not exceed 300, 

51 i . 4.4. Lacing and battening: The open sides ol built up 
compression members of channel or beam sections shall be connected 
by lacing or battening where the length of the outstand towards the 
open side exceeds 1 6 times the mean thickness of the outstand for mild 
steel and 14 limes the mean thickness of the outstand for HX Steel. 

5 1 1 .4.5. Lacing and battening shall be designed in accordance 
with Clauses 5 1 1 .4.7 and 5 1 1 .4.8 and shall be proportioned to resist all 
shear forces due to external forces, if any, in the plane ot laemg. lhe 
shear shall be considered as divided equally among all transverse systems 

and plating in parallel planes. 
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5! 1.4,6, Tension members composed of two components 
back-to-back 

5 1 1 .4,6. 1 , [ ens i on members formed by sections placed back- 
to-back, either in contact or separated by a distance not exceeding 50 
mm shall be connected together in their length at regular intervals by 
riveting, boiling or welding so spaced that the maximum ratio of 
slenderness of each element is not greater than that specified for main 
members in Clause 51 1 ,4.3. 

5 1 1 .4.6.2. Where the components are in contact back-io-baek 
riveting, bolting or welding shall be in accordance with Clauses 
applicable. 

M 1 .4,6.3. When the components are separated they shall be 
connected through solid washers r*r packings, riveted, bolted or welded. 

51 1,4.7. Design of lacing of tension members 

5 11 .4.7. 1 , As far as practicable the lacing system shall not be 
varied throughout the length or the tension member. 

51 1. 4.7.2. facing bars shall be inclined at an angle of 40 to 70 
degrees to the axis of the member when a single intersection system is 
ustd and at an angle of 40 to 50 degrees when a double intersection 
system is used. 

5 1 l .4.7.3. Except for tie as specified in Clause 5 1 1 .4,7.7 double 
intersection lacing systems shall not be combined with members or 
diaphragms perpendicular to the longitudinal axis of the member, unless 
all forces resulting from deformation of the member are calculated and 
provided for in the lacing and its fastenings, 

51 1 .4.7,4, Lacing bars shall be so connected that there is no 
appreciable interruption of the tn angulation of the system. 

51 1.4. 7. 5. The required section of the lacing bars shall be 
determined by using the permissible stresses for compression and tension 
members given in C lause 51 1.3.3 and a t , I he ratio l/r of the lacmc 
shall not exceed 170. For this purpose, the effective length shall he 
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taken us follows : 

t , ) [n riveted or bolted construe non. the length between the 
inner end rivets or holts ot the lacing bar in single 
intersection lacing and 0.7 times this length ror double 
intersection lacing effectively connected ai intersection. 

(ii) In welded construction, the distance between the inner 
ends of effective lengths of welds connecting the bars to 
the components for single intersection lacing and 0.7 
times this length for double intersection lacing effectively 
connected at intersection. 

51 1 .4.7.6, The riveting, bolting or welding o I lacing burs to the 
main members shall be sufficient to transmit the load to the bars. Where 
welded lacing bars overlap the main components, the amount of lap 
shall not be less than four times the thickness of the bar or four times 
the mean thickness of the flange of the component to which the bars are 
attached, whichever is less. The welding shall be provided along each 
side of the bar for the full length of the lap and returned along the ends 
of the bar for a length equal to at least four times the thickness of the 
bar or width of the bar whichever is less, - 

Where lacing bars arc fitted between main components, they 
shall be connected to each component by fillet welds on both sides of 
the bar or by full penetration butt welds. 

51 1.4, 7. 7. Laced tension members shall be provided with tie 
plates at the ends of the lacing systems, at points where the lacing systems 
are interrupted and where the member is connected to another member. 

5 1 1 4,7.8. The length of end tic plate parallel to the axis of the 
member shall not be less than (a) the perpendicular distance between 
the centroids of the main components and shall be at least equal to (b) 
the depth of the cross girders where these are directly attached to the 

member, and the length of the intermediate tie plates shall not be less 
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than 3/4 of" (a) above. 

.*> 1 i .4,7,0. f he I hick ness of ail tie plates shall not be less than 
1/60 of the distance between the innermost lines of rivets, holts or 
welds attaching them to I he main components, except when effectively 
stiffened at the edges, in which ease the minimum thickness may be 8 

mm; for this purpose the edge stiffeners shall have a slenderness ratio not 
less than 170. 

M 1.4,7,10. When angles, channels, etc. are used instead of 
end tie plates or are provided where the lacing system is interrupted, 
these shall be designed by the same method as for battens. The end 
batten or the intermediate batten and its fastenings shall be capable of 
carrying the Ibrces for which the lacing has been designed. The l/r shall 
not exceed 140. 

511.4.8, Hattciiiug of tension members: Battened tension 
members shall comply with the following requirements : 

51 1.4.8. !. I he spacing of battens, measured as the distance 
between the centres of adjacent end pitches of rivets or bolts or. for 
welded construction, the clear distance between the battens, shall be 
such that the maxi mum ratio of slenderness of each element is not greater 
than that specified for main members in Clause 5) 1 .4.3. 

511.4.8.2. The effective length of the batten, parallel to the 
axis of the member, shall be taken as the longitudinal distance between 
end fastenings, 

Bnd battens shall have an effective length of not less than (a) 
ihe perpendicular distance between centroids of the main components 
and shall be at least equal to (b) the depth ol the cross girders where 
these are directly attached to the members; and the length of the 
.intermediate battens shall have an effective length of not less than one- 
half of (a) above. 
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5 1 1 .4.8.3. Batten plates shall have a thickness of not less than 
1/60 or the minimum distance between the connecting rivet or bolts 
groups or welds except where they are sit I toned at the u edges. 

51 1.4,8. 4. Where battens are attached by rivets or holts, not 
less than two rivets or bolts shall he used in each connection. Where 
battens are attached by welds, the length of welds connecting each 
longitudinal edge of the batten plate to the component shall, m the 
aggregate, be not less than half the length of the batten plate, and at 
least 1/3 of the weld shall be placed at each end of the longitudinal 
edge. In addition, welding shall be relumed along the ends of the plate 
for a length at least tour times the thickness ot the plate. 

Where the tie or batten plates are titled between main 
components they shall be connected to each member either by fillet 
welds on each side of the plate, at leasl equal in length to that speci lied 
in the preceding paragraph or by full penetration butt weld. 


511.5. Splices 

5 1 1 .5. 1 . For compression member: Splices in compression 
members located at or near effectively braced panel points shall be 
designed to transmit the full design load in the member. All other splices 
in compression members shall have a sectional area 5 per cent more 
than that required to develop the load in the member at the average 
working stress of the member. All cover material shall, as far as practical, 
be so disposed with respect lo the cross-section of the member so as to 
transmit the proportional load of the respective parts of ihe section. 

51 1 .5.1 l Wherever possible both sur laces of the parts spliced 
shall be covered or other means taken to maintain the alignment of the 
abutting ends. 

5 I ] .5.1,2. Where flexural tension may occur in the member, 
the cover material shall be designed to resist such tension. 
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51 1 ,5. 1 .3. Rivets, bolts or welds shall develop the full load in 
the cover material as defined above calculated on the cover area, 

5 1 \ .5.2, For tension members 

51 1.5.2, 1. Splices in tension members shall have a sectional 
area 5 per cent more than that required to develop the toad m the member 
and. whenever practicable, the cover material shall he disposed to sm l 
the distribution o I" stress in the various parts of the cross-sect ion of the 
member. Both surfaces of the parts splices shall Ik* covered wherever 
possible. 

5 1 1 .5.2.2, Rivets, bolts or welds shall develop the full load in 
l he cover material as defined above, calculated on the cover area. 

5 1 1 .6. Connections at Intersection 

51 1,0.1. Connections of members at an intersection shall 
develop al least the design loads and moments transmitted by the 
members. Due regard to the nature and distribution of stress over the 
cross-section of the members shall be given in determining the 
distribution ol the fastenings. All members shall, where possible, be so 
connected that the load is appropriately distributed over the cross-section: 
otherwise, consideration shall he given to the distribution of stress 
through the material to those parts of the section not directly connected, 
and for this purpose the angle of distribution may be taken as 45°. 

5 1 1 .0.2. Gusset shall be capable of sustaining the design loads 
and moments transmitted by the members without ^exceeding the 
allowable working stresses. 

5 1 1.6.3. Gusset plates shall be so shaped, and connectors so 
arranged as to avoid severe stress concentrations, 

5 I 1 .6,4, Rivet, bolt and welding groups shall he as compact as 
practicable. 
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51 L7. Lug Angies 

5 1 ] .7.1. Lug angles connecting a channel or similar member 
shall, as far as possible, be disposed symmetrically with respecl to l he 
section of the member, 

5 1 1 .7.2. In the case of angle members the lug angles, and their 
connection lo the gussel or other supporting member, shall be capable 
of developing a strength not less than 20 percent in excess of ihc force 
in the outstanding leg of the angle and the attachment of the lug angles 
to the angle member shall be capable of developing a strength 40 per 
cent in excess of that force. 

5 I 1,7.3. In the case of channel or similar members, the lug 
angles, and their connection to the gusset or other supporting member, 
shall be capable of developing a strength not less than 10 per cent in 
excess of the force not accounted for by the direct connection of the 
member and the attachment of the lug angles to the member shall be 
capable of developing a Strength 20 per cent in excess of that force, 

5 1 i .7,4. In no case shall less than two bolts or rivets be used 
for attaching the lug angle to the gusset or other supporting member. 

5 1 1 ,7.5. The effective connection of the lug angle shall, as jar 
as possible, terminate at the end of the member connected, and the 
fastening of the lug angle lo the member shall preferably start in advance 
of the direct connection of the member to the gusset, etc. 

51 1 . 8 . Section at Pin Holes in Tension Members 

In pin-connected tension members (generally used for erection 
purpose) the longitudinal net section beyond the pin hole parallel with 
the axis of the member shall be not less than the required net section of 
the member. The net section through the pin hole transverse to the axis 

of the member shall be at least 33 per cent greater than the required net 

* 

section of the member. In the case of members without stiffened edges 
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the ratio oflhc net width of the members (through the pm hole transverse 
to the axis of the member) to its thickness shall not be more than 16. 
Where the thickness of the main material is not sufficient to resist the 
load from the pin in bearing, or where the net section through the pinhole 
requires reinforcement, pin plates (see Clause 51 1.9) shall be provided 
and the total thickness shall comply with the above requirements. 

511 .9. Pin Plates 

Pm plates shall be of sufficient thickness to make up the required 
bearing or cross-sectional area and shall be so arranged as to reduce the 
eccentricity to a minimum. Their length measured from the centre of 
the pin to the end (on the reaction side) shall be at least equal to their 
width and at least one plate on each side shall be as wide as the 
dimensions of the member will allow. Pin plates shall be connected 
with enough rivets, bolts or welds to transmit the bearing pressure on 
them and shall be so arranged as to distribute it uniformly over the full 
section of the member. 

511.10. Diaphragms in Members 

In addition to diaphragms required for the proper functioning 
of the structure, diaphragms shall be provided as necessary for 
fabrication, transport and erection. 

5 I i . I i . Lateral Bracings 

511.11.1. All girders shall be provided with a lateral bracing 
system extending from end-to-end of sufficient strength to transmit the 
effect of wind, seismic and centrifugal forces, if any to the bearings, 

511.11.2. The bracing on the loaded chord shall be so designed 
as to transmit to the main girders the longitudinal loads due to tractive 
effort and/or braking effect in order to relieve the cross girders of 
horizontal bending stress. 
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511.11.3. Where the depth permits, lateral diagonal bracing’s 
shall he fixed between the top chords of main girders of through span, 
of sufficient rigidity to maintain the chords in line and of sufficient 
strength to transmit the wind or seismic forces to the portal bracing 
between end posts. 

The floor system may be taken as part of the bracing system 
provided it is designed for that purpose. 

511.11 .4. The lateral bracings between compression chords shall 
be designed to resist a transverse shear at any section equal to 2.5 per 
cent of the total compressive force carried by both the chords at the 
section under consideration. This force should be considered in addition 
to the wind, and centrifugal forces. 

51 1.1 1.5. Sway bracings: Wherever the depth of girder allows, 
the intermediate cross bracings or sway bracings between vertical w'cb 
members shall be proportioned to transmit to the chord supported on 
hearings through the web members at least 50 per cent of the panel 
lateral load and the vertical members shall he designed to resist l he 
resulting bending moment. The sway bracing so provided shall not be 
taken as affording any relief to the lateral bracing system or portal system. 

511.1 1.5.1. Portal bracings : Through truss spans shall be 
provided with suitably designed portal system, as deep as the clearance 
will allow. The portal system shall be designed to take the full end 
reaction of the top chord lateral system and the end posts of the portal 
shall be designed to transfer this reaction to the bearings. In addition, 
the portal system shall be designed to resist a lateral shear equal to l V J 
per cent of the total compressive force in the end posts or in the top 
chords in the end panel whichever is greater. 
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512, CONNECTIONS 

5 1 2 A . C Composite Connections 

In any connection which lakes a force directly communicated 
to it and which is made with more than one type of fastening, only 
rivets and turned and fitted bolls may be considered as acting together 
to share the load, in all oilier connections sufficient number of one type 
of fastening shall be provided lo communicate the entire load for which 
the connection is designed. 

512.2. Welded Connections 

5 12.2. 1 .Types of welds: The following types of welds can be 

used : 

(a) Continuous full penetration or partial penetration butt 
welds 

(b) Continuous or intermittent fillet welds 

(c) Plug welds 

Intermittent butt welds shall not be used. 

i 

Partial penetration butt welds shall not be used for 
transmitting tensile forces or bending moments along 
longitudinal axis of the welds. Plug welds shall not be 
used for transmitting loads or moments and shall be 
used only to prevent the buckling or separation of 
lapped parts or to joint components of built-up 
members. 

512.2.2, Strength of weld 

512.2.2.1. Buttweld 

The strength of a full penetration butt weld shall be taken as 
equal to the strength of the weaker of the parts joined provided the yield 
stress of the weld metal is alleast equal to that of the parent metal. 

The strength of a partial penetration butt weld together with its 
reinforcing fillet weld, if any, shall be calculated as lor a full penetration 
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fillet weld. The throat thickness shall be taken as 

(a) the depth of weld preparation where this is of the J or U 
type. 

(b) the depth of weld preparation minus 3 mm where the 
preparation is the V or bevel type 

512.2.2.2. Fillet weld: T he strength of a lillel weld shall be 
based on the effective throat thickness and the effective length 

The effective throat thickness shall be considered as the height 
of a triangle that can be inscribed within the weld and measured 
perpendicular to ils outer side. 

The effective length shall be considered as the actual length 
minus twice the leg length . In case ol I diet welds with end returns as 
per Clause 5 1 2.2,3. 1 the effective length shall be considered as the actual 

length. 

512.2.3. General requiring welds 

5 12.2.3.1, Fillet welds: Maximum leg length ol a li l let weld 
shall be 1 mm less than the thickness of the connected parts at the 

edge. 

Minimum leg length of a fillet weld shall be in accordance 
with Clause 502.1.8, 18:9595-1980. 

Intermittent fillet welds* Inlenriittcnt welds sliull not bt used 
in tension region of any member, considering their weakness in fatigue. 
When used in other regions, the undemoted stipulations shall apply. 

The clear unconnected gap between the ends ol the welds 
whether in line or staggered shall not be more than 200 mm and also 
shall not be more than: 

(a ) 12 times the thickness of the thinner part when the part is in 

compression 

(b) 16 times the thickness of the thinner part when the part is in 

tension 
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(e) One-quarter of the distance between stiffeners when used 
lo connect stiffeners to a plate or other part subject to 
compression or shear 

Jn a line of intermittent welds, there shall he a weld at each end 
of the part connected. 

In built-up members in which plates are connected by 
intermittent welds, continuous side fillet welds shall be provided at the 
ends of each side of the plate fora length at least equal to three quarter 
of the width ol the narrower plate concerned. In exceptional cases, where 
this is not possible, the intermittent plug or sloi weld shall he provided 
to prevent separation. 

End returns 

Hie fillet weld shall be returned continuously around the corner 
□i the end of the side of a part fora length beyond the corner of not less 
than twice the leg length of the weld. 

End connections by side fillets 

If side fillets alone are used in end connections, both sides of 
the part shall be welded and the length of the w eld on each side shall 
not be less than the distance between the welds nor less than 4 times the 
thickness of the thinnest part connected. Where the distance between 
the welds exceeds J6 times the thickness of thinnest part connected, 
intermediate plug or slot welds shall be used to prevent separation. 

End connections by transverse welds 

The overlap between the connected parts shall not be less than 
four times thickness of the thinnest part and the parts shall be connected 
by two transverse lines of welds. Where the distance between the weld 
exceeds 16 times the thickness of the thinnest part connected 
intermediate slot or plug welds shall be used to prevent separation. 
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Welds with packings 

Where two parts connected by welding are separated by packing 
having thickness less than the leg length of a weld necessary to transmit 
the force, the required leg length will be increased by thickness of the 
packing. The packing shall be trimmed llush with the edge oi the part 
which is to be welded. Where two parts connected by welding are 
separated by packing having a thickness equal to or greater than the leg 
length of weld necessary to transmit force, each ol the parts shall be 
connected to the packing by a weld capable of transmitting the design 

force. 

Welds in holes and slots 

Fillets welds in holes or slots may be used lo transmit shear in 
lap joints or to prevent the buckling or separation of the lapped p3i ts or 
to join components of built-up members. 

512.2.3.2. T Butt .loints: Butt welds in T joints shall be 
completed by means of fillet welds each hav ing a size of not less than 
25 per cent of the thickness of the outstanding part. 

512.2.3.3. Plug welds: The entire area of the hole or slot shall 
be filled with weld metal having a thickness: 

(a) equal to the thickness of the holed or slotted part where it is 
16 mm or less, 

(b) In other cases, not less than any of the following . 

(i) 16 MM 

(ii) 0.45 times the diameter of the hole or the width of 
the slot, 

(iii) One- tenth of the length i>r slot but not greater than 
the thickness of the holed or slotted pait. 

91 


IRC 24-200 1 


The diameter of the hole or the width of a slot shall not be less 
Ilian the thickness of the hole or slotted parts plus K mm. 

The distance between centres of holes or between the centre 
lines of slots shall not be less than four times the diameter of the hole or 
the width of the slot. ITie distance between the centres of the slots 
measured in the direction of their length shall not be less than double 
the length of the slot. 

The ends of the slot shall be semi-circular except where the slot 
terminates at the edges of the part where it can be square. 

Welding procedure 

The welding procedure and details shall he in accordance with 
IS:95 95- 1 980 unless otherwise stipulated in this chapter. 

5 1 2.3. Connections (other than welded) 

5 12.3, 1 .General: Connections and splices in all members shall 
be made by the use I ISFG bolts, bolts, rivets or other acceptable fasteners. 
The arrangement of plates, rolled sections and other connecting elements 
shall be such as to make proper provision for all axial, flexural shear 
and/or torsional stresses in the members being connected. 

Bolted or riveted splices in all compression members shall be 
located as near as practicable to points of effective lateral support. 

A member carrying a calculated stress shall not have a splice or 
connection with a single nvei or holt. 

Connections and splices for minor members, such as light 
bracing members, railings etc. may be permitted to have single bolted 
or riveted connections. 
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Minimum dia of bolls and rivets used in load bearing members 
shall be 16 mm diameter. 

512.3.2. Connections and splices in flexural members 

(a) The connection between a flange and a web of a built- 
up girder shall be designed to transmit the longitudinal 
shear force in the flange combined with any vertical 
loads which are directly applied to the flanges. 

(b) Flange splices 

(i) General: Flange splices may be made to join flange 
components made from the same grade of steel but 
may be of different cross-sections. 

(ii) Bolted or riveted splices: Where bolted or riveted 
splice plates are used to obtain a splice in a flange 
the sum of their areas shall be ai least 5 per cent more 
than the area of the flanges as spliced. The centres 
of gravity of the sections on either side of the splice 
shall coincide as far as practicable. The splice 
connections on each side of the splice shall be capable 
of transmitting at least the greater of - 

( l> 1.10 times the computed force in the flange 
at the splice point. 

(2) 0.80 times the maximum safe force in the 

weaker flange, calculated from the basic 
allowable stress, the net section being used 
for tension flanges and the gross section for 
compression flanges. 

(c) Web splice: A splice in the web of a plate girder 
or rolled section used as a beam shall be designed 
to resist the shearing forces and the portion of 
the design moment resisted by the web, and tor 
the moment due to the eccentricity ol shear 
introduced by the splice connection. 
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Web plates shall be spliced symmetrically by 
plates on each side. The splice plates shall extend 
as far as practicable for the full depth of the web. 
There shall not be less than at least two rows of 
rivets or bolts on each side of the joint. 

512.3.3. Connections in triangulated structures 

(a) Eccentric connections; Axially stressed members 
meeting at a joint shall have their gravity axes 
intersect at a point if practicable; if not, provision 
shall be made lor bending stresses due to the 
eccentricity. 

(b) Connections at Interconnections; Connection of 
members at an intersection shall develop at least t , 10 
times the design loads and moments transmitted by 
the members. Due regard to the nature and 
distribution of stress over the cross-section of the 
members shall be given in determining the 
distribution of the fasteners. 

All members shall, where possible, be so connected 
thai the load is appropriately distributed over their 
cross-section. 

If this is impracticable, consideration shall be given 
to the way in which the stresses at the joint are 
distributed to those pails of the cross-section of the 
member which are not directly connected at the joint. 
For this purpose the angle of distribution of stress 
may be taken as 45 u . 

Gusset plates shall be capable of sustaining 1.05 times 
the design loads and moments transmitted by the 
members. I fan unsupported edge of a gusset plate is 
in compression and if the length of such edge exceeds 
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50 limes the thickness ol the gusset plate, the edge 
shall be suitably stiffened 

(e) Splices in tension members and compression 
members of non bearing type: Such splices shall 
be made symmetrical about the gravity axes ol the 
members as far as is practicable. 

Bolted riveted splices shall be designed for any 
applied moment and the greater of- 

(i) 1,10 times the computed torces in the member, 
and 

(ii) 0,80 times the safe load in the member calculated 
from tbe appropriate basic allowable stress. 

The ends of the members need not be in close contact, 

(d) Splices in compression members ol bearing type: 

In bearing type splices in a compression member, 
the ends of the members shall be machined and 
assembled to be in dose contact with each other. For 
a bearing splice it may bo assumed that the machined 
races transmit 50 per cent or the compressive force 
in the member. The splice plates and connection shall 
be however designed to transmit fib pci cent ot the 
compressive force in tbe member and the applied 
moment, if any. 

Note : Before specifying bearing splices the designer shall, 
however, satisfy himself that such facilities for 
machining are available in the particular project. 

512-3.4. Rivets and bolts 

(a) Gross and net areas of rivets and bolts: l he gross 
area of a rivet shall, be taken as the cross-sections 
area of the rivet hole. 


The net sectional area of a holt or screwed tension 
rod shall be taken as the tension area lor the particular 
diameter of bolt as given in tbe table below: 


Nominal Thread Dia (mm) 

12 

14 

16 

18 

20 

22 

24 

27 

30 

33 

Nominal Stress Area(nim J > 

84 

115 

157 

192 

245 

303 

353 

459 

561 

694 
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(hj Calculation of stresses: Calculation of stresses in rivets and 
bolts shall be as per Clause 5 06-5. 2. 

(e) Diameter of rivet and bolt holes: The diameter holes of a 
rivet of upto 25 mm nominal diameter shall be taken as 1.5 
mm larger than the nominal diameter of the rivet and 2.0 
mm larger than the nominal rivet diameter in case of larger 
hameter rivets. 

The diameter of a bolt hole shall be taken as the nominal 
diameter of the boll plus 1 .5 mm unless otherwise specified. 

(d) Edge distances: 

0) In case of rolled, machine flame cut, sawn or plane edges 
the distance between the cenire of the rivet or bolt hole 
to such edge shall not be less than l .5 times the diameter 
of the hole. 

(ii) In case of sheared or hand flame cut edges the edge 
distance shall be 1.75 times the diameter of the hole. 

(e) Pitch of rivets or bolts 

( i) The minimum distance between the centres of any two 
adjacent rivets or holts shall not be less than 2.5 times 
the nominal diameter of the connector. 

( ii) The maximum distance between the centres of any two 
adjacent rivets or bolls connecting members either in 
tension or in compression shall not exceed either 52 1 or 
300 mm, where t is thickness of the thinner outside 
element, 

{ iii) The distance between centres of two adjacent rivets or 
bolts in a line along the direction of stress shall not 
exceed I6l or 200 mm in tension members, and I2l or 
200 mm in compression members. In the case of 
compression members transferring forces through 
butting faces the pitch shall not exceed 4.5 times the 
diameter of rivet or bolt from the abutting faces. This 
pitch will apply for a distance equal to 1.5 times the 
width of the member. 
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(ivl When rivets bolts are staggered at equal intervals and 
the gauge does not exceed 75 mm, the distance as 
specified in (ii) and (lii) above between centre of 
adjacent connectors may be increased by 50 pci cent, 

(f) Long rivets: The grip of rivets carrying calculated loads 
shall not exceed 8 times the diameter of the holes. Where 
the grip exceeds b times the diameter of the hole, the 
number of rivets required by normal calculation shall be 
increased by not less than half a per cent for each additional 
millimeter oflength of grip above 6 times the hole diameter. 

(g) Rivets with counter sunk head: For counter sunk rivets, 
half of the depth of the counter sinking shall be neglected 
in calculating the length ol the rivet in bearing. As lar as 
possible rivets in tension shall be avoided. 1 lowever. when 
rivets with contour sunk heads are in tension, the tensile 
value of the rivets shall be reduced by 33-1/3 per cent. No 
reduction need in shear. 

(h) Rivets or bolts through packing 

Number of rivets or bolls carrying calculated shear through 
a packing shall be increased above the number required 
by normal calculations by 2.5 per cent tor each 2.0 mm 
thickness of packing except dial, for packing having a 
thickness of uptn 6 mm, no increase need be made. For 
double shear connections packed on both sides, the numbet 
of additional rivets or bolts required shall be determined 
from the thickness of the thicker packing, The additional 
rivets or bolts shall be placed in an extension of the packing. 

(i) Staggered pitch: When rivets and bolls are staggtii.il 
at equal intervals and the gauge does not exceed 75 mm, 
the distances between centres of rivets and bolts as 
specified earlier may be increased by 50 per cent. 
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513. FABRICATION AND INSPECTION 

513.1. General 

All work shall he in accordance with the drawings and clauses 
of this code unless otherwise agreed. 

5 13. 2. La in illations in Plates 

The following areas of plate shall not have laminations 
exceeding the prescribed limits : 

(a) Steel plate and sections in which tension stresses are 
transmitted through thickness of plate or in region in which 
lamination could affect the buckling behaviour under 
compression and bending compression. 

(b) On each side of welded bearing diaphragm, strip of flange 
and web plate having width equal to 25 times of their 
thickness, 

(c) The strip of web plate having 25 times thickness on each 
side of single sided bearing stiffener welded to web. 

{d) Tor welded cruciform joints transmitting tensile stress 
through the plate thickness on strip having width four times 
the thickness of plale on each side of attachment. 

(e) For edges of plates w here comer welds are provided on to 

ihe surface of such plates. 

Other areas of plate, section specified by the Engineer shall not 
have lamination exceeding prescribed limits. 

5 1 3.3. Storage of Materials 

All material, consumable, including raw steel or fabricated 
material shall be stored specificationwise and sizewise above the ground 
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upon platforms, skids or other supports, These shall be kept tree from 
din and other foreign matter and shall be protected from corrosion and 
distortion. The electrodes shall be stored specification wise and shall be 
kept in dry warm condition in properly designed racks. The bolts, nuts, 
washers and other fasteners shall be stored on racks above the ground 
with protective oil coating in gunny bags. The paint shall be stored 
under cover tn air tight containers. 

513.4, Straightening, Bending and Pressing 

513.4.1 . Straightening and flattening of steel shall be done by 
methods that will not injure the metal. I lammering shall not be permitted. 

Straightening by heating shall he done under controlled 
procedure. Temperature of the steel shall not be more than 650°C ’ or the 
temperature timing and cooling rate shall be appropriate to the particular 
type o I steel and shall he agreed by the authorities. Accelerated cooling 
shall not be used without the approval of Engineer. 

5 1 3.4.2. Bending and curving 

513.4.2. 1. Steel hav ing yield stress more than 360 MPa shall 
not be heat curved. 

5 1 3.4 2.2. Heating procedure - Rolled beams and girders may 
he curved by either continuous or V-type heating as approved by 
Engineer. 

(a) For the continuous method, a strip of sufficient width along 
the edge of lop and bottom flange shall be healed 
simultaneously to desired temperature to obtain required 
curve. 

(h) For V-type of heating, the top and bottom flanges shall be 
heated m truncated triangular or wedge-shaped areas having 
their base along the flange edge and spaced al regular 
intervals along each flange. The truncated triangular pattern 
shall have an angle 15 to 30 degrees wilh base not more 
than 250 mm. The spacing and temperature shall be as 
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required to obtain ihe retjn i red curvature and heating shall 
be at approximately same rate along the top and bottom 
flange. 

For flange thickness of 32 mm or more, both inside and outside 
surfaces shall be healed concurrently. 

5 1 3. 4.2. 3. Temperature: The heat bending shall be conducted 
so that the temperature of steel does not exceed 620 (, C. The girder shall 
not be artificially cooled until temperature comes down to 3 1 5°C by 
natural cooling. The method of artificial cooling has to be approved by 
Engineer* 

5 1 3. 4, 2, 4. Camber: Camber for rol led beams may be obtained 
by heat curving methods approved by Engineer. For camber in plate 
girders, the web shall be cut to prescribed camber with suitable allowance 
for shrinkage due to cutting, welding and heat curving 

5 1 3.5 . Workmanship 

513.5.1. Fabricator has to submit a Quality Assurance Plan 
according to the nature of fabrication work, such as, welded fabrication 
or riveted fabrication and the same should be approved by the client. 
Quality Assurance Plan should elaborate Nodal point checking and 
inspection during the stage of fabrication and also the materials. 

513.5.2. Fabrication work shall be taken up only after receipt 
of approved fabrication/working drawing, 

513.5.3. All members shall carry mark number and item 
number and, if required, serial number. Method of marking shall 
commensurate with the process of manufacture and shall ensure retention 
of identity at all stages. 

513.5.4. Preparation of edges ends and surfaces: Material 
shall be cleaned and any burring, scales or abnormal irregularities shall 
be removed. 
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51 3,5.4. L Edge and end planing/cutting: End/ edge planing 
and cutting shall be done by any one of the following prescribed methods 
or left as rolled. 

(a) Shearing, cropping, sawing, machining, machine flame 
cutting, 

(b) Hand flame cutting with subsequent grinding to a smooth 
edge, 

{c) Sheared edges of plate not more than it» mm thick with 
subsequent grinding In smooth profile, which are for 
secondary use such as stiffeners and gussets. 

If ends of stiffeners are required to be fitted they shall be ground 
so that the maximum gap over 60 per cent ol the contact area does not 
exceed 0.25 mm. 

513.5 4.2. Shearing and flame cutting: Where flame cutting 
or shearing is used as specified in C lause 513.4.1 atlcasi one ol the 
following requirements shall be satisfied. 

(a) The cut edge is not subjected to applied stress. 

(b) The edge is incorporated in w r eUi, 

(c) The hardness of cui edge does not exceed 350 HV 30. 

(d) The material is removed from edge to the extend ol 2 mm 
or minimum necessary, so that hardness is less than 350 

HV 30, 

(e) Edge is suitably heat-treated by approved method to the 
satisfaction of Engineer and shown thai cracks had not 
developed by dye penetrant or magnetic particle lest. 

(0 Thickness of plate is less than 40 mm for machine flame 
cutting for materials conforming to 1S:2062. The 
requirement of hardness below 350 HV 30 of flame cut 
edges should be specified by Engineer. Wherever specified 
by the Engineer the flame cut edges shall be ground or 
machined over and above requirement (a) to (0. 
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5 13.5.4.3. Where machining tor edge preparation in butt joint 
is specified, the ends shall be machined alter the members have been 
fabricated. 

5 1 3. 5 .4. 4. Outside edges of plate and section, which are prone 
to corrosion shall be smoothened by grinding or filling. 

513.5.5, Rivet and bolt holes 

5 1 3.5.5. 1 . Hoies for rivets, black bolls, high strength bolts and 
countersunk bolts/rivets (Excluding close tolerance and turn fitted bolts): 
All holes for rivets or bolts shall be either punched or drilled. The 
diameter of holes shall be 1 .5 mm larger for bolts/rivcts upto 25 mm dia 
and 2 mm for more than or equal to 25 mm. 

All holes shall be drilled except for secondary members such 
as, lloor plate, handrails etc., and members which do not carry the main 
load can be punched subject to the thickness of member does not exceed 
1 2 mm for material conforming to IS:2062. 

Holes through more than one thickness of material or when 
any of the main material thickness exceeds 20mm for steel to IS: 2062 
or 16 mm to IS: 8500, IS: 8500 shall either be subdrilled or subpunched, 
less than 3 mm diameter than required size and reamed to full diameter. 
The reaming of material more than one thickness shall be done after 
assembly. 

513.5.5.2. Holes for close tolerance and turn fitted bolls. The 
diameter of the holes shall be equal to - 0.1 5 mm to - 0.0 mm, of the 
bolt shank. 

The members to be connected with ck,.>e tolerance or turn fitted 
bolts shall be firmly held together by service bolts or clamped and 
drilled through alt thickness in one operation and subsequently reamed 
to required size within specified limit of accuracy as specified in IS:91 9 
tolerance grade H8. 
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The holes not drilled through all thicknesses at one operation 
shall be drilled to smaller size and reamed after assembly. 

5 13.5.5,3. Holes for high strength friction grip bolts - All holes 
shall be drilled after removal of burrs. Where the number of plies in the 
grip does not exceed three, the diameters of holes shall be 1.5 mm 
larger than those of bolts and for more than three plies in grip, the 
diameter of hole in outer plies shall be as above and diameter of holes 
in inner phes shall be not less than 1.5 mm and not more than 3 mm 
larger than those in bolts, unless otherwise specified by Engineer. 

513.5.6. Bolted construction 

5 1 3.5.6. L All joint surface for bolted connection including bolts, 
nuts, washers, shall be free of scale, dirts, burrs other foreign material 
and other defects that would prevent solid sealing of parts. The slope of 
surface of bolted parts in contact with bolt head and nuts shall not exceed 
i/20, plane normal to bolts axis, otherwise suitable tapered washer shall 
be used. 

All fasteners shall have a washer under nut or bolt head, 
whichever is turned in tightening. 

Each fastener of joint shall be tightened to specified value or 
equal to 70 per cent of specified minimum tensile strength by hand 
wrenches (turn of nut method) or calibrated wrenches or manual torque 
wrenches. Impact wrench or any other method specified by Engineer. 

When turn of nut method is used for tightening the holts in 
joint first ail bolts shall be brought to “snug tight" condition, that is 
tightening by full effort of man using ordinary wrench or by few impacts 
of any impact wrench. All holts in the joint shall be then lightened 
additionally by applicable amount ol nut rotation specified below for 
guidance : 
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Boll Length ( from 

underside 

of head to edge) 

Disposition of outer faces of 
bolted parts 

Bolt face 
tun nial to 
bolt axis 

One face Normal to 

boll axis and other 

face slopped less than 1:20 

Up to and including 

1 /3 turn 

1/2 

4 dia 



Over 4 dia hui 

1/2 turn 

2/3 

less than 8 dia 



Over 8 dia but less 

2/3 Uim 

5/6 

titan 1 2d ia 




5 13.5.6.2. High strength friction grip holts and bolted 
connections: The general requirement shall be as per relevant IS 
specifications mentioned in Clause 505.3 (Fasteners) of this code. Unless 
otherwise specified by the Engineer, bolted connections of structural 
joints using high tensile friction grip bolls shall comply with 
requirements mentioned in IS:4000-1992. 

5 1 3. 5, 6.3. Riveted construction 

513.5.6.4. Assembled riveted joint surfaces including those 
adjacent to the rivet head shall be free of scale, dirt, loose scale, burrs, 
other foreign material and defects that would prevent solid sealing of 
parts. 


5 1 3. 5 .6, 5. The part/members to be riveted shall be firmly drawn 
together with bolls, clamps or tack weld. Every third hole of the joint 
shall have assembly bolts till riveted. Drift shall be used only for 
matching of holes of the parts/members, but not to the extent as to distort 
ihe holes. Drift of larger size than the normal diameter of the holes shall 
not be used. 
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513.5.6.6. Rivets shall be healed uniformly to a ‘light cherry 
red colour" between 650 f, C to 700”C for hydraulic riveting and “Orange 
colour" for pneumatic riveting of mild steel rivets. High tensile steel 
rivets shall be heated upto 1 10Q U C. Any rivet whose point is heated 
more than prescribed shall not be driven. 

5 13.5.6.7. Rivet shall be driven in hole when hoi so as to fill 
the hole as completely as possible and shall be of sufficient length to 
form a head of the standard dimension. When countersunk head is 
required the head shall fill the countersunk hole. Projection after 
countersinking shall be ground off wherever necessary. 

5 1 3.5. 6. 8. The riveting shall be done by hydraulic or pneumatic 
machine unless otherwise specified by the Engineer. 

513.5.6.9. Any defective rivet due to defect in head size or 
head driven off the centre shall be removed and replaced. 

513.5.6.10. The parts not completely riveted in the shop shall 
be secured by bolts tu prevent damage during transport and handling. 

513.5.7. Welded construction 

513.5.7.1. Surfaces and edges to be welded shall he smooth, 
uniform and free from fins, tears, cracks and other discontinuities. 
Surface shall also he free from loose or thick scale, slag rust, moisture 
oil and other foreign materials. 

5 1 3. 5. 7. 2. The general welding procedures including particulars 
of the preparation of fusion faces for metal arc welding shall be carried 
out in accordance with IS:9595. 

513.5.7.3. The welding procedures for shop and site welds 
including edge preparation of fusion faces shall be submitted in writing 
in accordance with Clause 22 olTS:9595 for the approval of the Engineer 
before commencing fabrication, and shall also be as per details shown 
on drawings. Any deviation for above has to be approved by the Engineer. 
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513.5.7.4. Electrodes to be used lor metal are welding shall 
comply with relevant IS specifications mentioned in Clause 505.3 of 
this code. Procedure lest shall be carried out as per IS:86l3-to find out 
suitable wire-flux combination for welded joint. 

5 1 3. 5. 7.5. Assembly of parts for welding shall be in accordance 
with Clauses 14 to 16of[S:9595. 

5 1 3. 5. 7. 6. The welded temporary attachment should be avoided 
as far as possible, otherw ise the method of making any temporary 
attachment shall be approved by Engineer. Any scars from temporary 
attachment shall be removed by cutting, chipping and surface shall be 
finished smooth by grinding to the satisfaction of Engineer. 

5 1 3. 5. 7. 7. For welding of any particular type of joint, welders 
shall qualify to the satisfaction of Engineer in accordance with 
appropriate welders qualification test as prescribed in any of the Indian 
standards IS;817-1966, IS: 1393- 1 %T 18:7307 (Part-1)- 1974, IS:7310 
(Part-!)- 1974 and IS: 73 1 8 (Part D-1974 as relevant, 

5 1 3. 5. 7. 8. In assembling and joining parts of a structure or of 
built-up members, the procedure and sequence of welding shall be such 
as to avoid distortion and minimise shrinkage stress. 

513.5.7.9. All requirements regarding preheating of present 
material and interpass temperature shall be in accordance with 
provision s o f IS: 95 95 . 

513.5.7.10. Peening of weld shall be carried out wherever 
specified by the Engineer, 

(a) If specified, peening may be employed to be effective on 
each weld layer except first. 

(b) The peening should he carried cm after weld has cooled by 
light blows from a power hammer, using a round nose tool. 
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Cure shall be taken to prevent scaling or decking ul weld 
and base metal from over peentng. 

513.5.7.1 1 . Where the Engineer has specified the bull welds 
are to be ground Hush, the loss of parent metal shall not he greater than 
that allowed for minor surface defects. 

513.5.7. 1 2. The joints and welds listed in are prohibited type, 
which do not perform well under cyclic loading: 

(a) Butt joints not fully welded throughout their cross section. 

lb) Groove welds made from one side only without any backing 
strip. 

(c) Intermittent groove welds. 

(d) Intermittent fillet welds. 

le) Bevel-grooves and J -grooves in butt joints for other than 
horizontal position. 

(f) Plug and slot welds. 

5 13. 5. 7.13. The run-on and run-off plate, extension shall be 
used providing full throat thickness at the end ot butt welded joints. 
These plates shall comply with following requirements. 

(i) One pair of “run-on'’ and one pair of “run-off’ plates 
prepared from same thickness and profile as the parent 
metal shall be attached to start and finish of all butt welds 
preferably by clamps. 

(li) When “run-on" and “run-off ' plates shall be removed by 
Hame cutting, it should be cut at more than 3 mm from 
parent metal and remaining metal shall be removed by 
grinding or by any other method approved by the Engineer. 
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5 1 3.5.7. 1 4. Welding of stud shear connectors: 

(a) The siud shear connectors shall be welded in accordance 
with the manufacturer's instructions including prehealing. 

(h) The stud and the surface to which studs are welded shall be 
Free From scale, moisture, rust and other foreign material. 
The stud ha so shall not be painted, galvanised or cadmium- 
plated prior to welding. 

(c) Welding shall not be carried out when temperature is below 
0°C or surface is wet. 

(d) The welds shall be visually free from cracks and lack of 
fusion and shall be capable of developing at least the nominal 
ultimate strength of studs. 

(e) The procedural trial for welding the stud shall be carried 
out when specified by the Engineer. 

5 1 3.5,8. Annealing and stress relieving : The members which 
arc indicated in the contract or specified by Engineer, to he annealed or 
stress relieved shall have finish machining, boring etc. done subsequent 
to heat treatment. The stress relief treatment shall conform to the 
following unless specified by the Engineer- 

fa} The temperature of the furnace shall not be more than 300°C 

at the time welded assembly is placed in 

(b) The rate of heating shall not be more than 220 , ’C per hour 
divided by max. metal thickness subject to max. 220 !> C per 
hour. 

(c) After max. temperature of 600 !> C is reached, the assembly 
shall be held within specified limit of lime based on weld 
thickness. The temperature shall be maintained uniformly 
throughout the furnace during holding period such that 
temperature at no two points on the member will differ by 
mote than SO l1 C. 
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(d) The cooling shall be done in closed furnace when 
temperature is above 300 n C at llie max. rate of 260"C per 
hour divided by max. metal thickness. The local stress 
relieving shall be carried out if specified and procedure 
approved by the Engineer, 

5 i 3.5.9. Pins and pin holes: The pins shall be of required 
length, parallel throughout and of smooth surface free from Haws, The 
pin holes shall be bored smooth, straight and true to gauge and right 
angles to the axis of the member. Boring shall be done only after member 
is finally riveted, bolted or welded unless otherwise approved by the 
Engineer. To facilitate insertion and extraction, pins may be chamfered 
beyond the required length and provided with suitable holes in the 
chamfered portion. 

513,5.10, Rectification of surface defects and edge 

laminations: The surface defects revealed during fabrication or cleaning 
shall be repaired as specified. The repair by welding on any surface 
defect or exposed edge lamination shall he carried out only with approval 
of the Engineer. 

513,5.1 E Shop assembly: The steel work shall be temporarily 
assembled at place of fabrication. Assembly shall be full truss or girder, 
unless progressive truss or girder assembly, lull chord assembly, 
progressive chord assembly or special, complete si rue tine assembly is 
specified by the Engineer, 

The Held connections of main members of trusses, arches, 
continuous beam spans, bents, plate girders and rigid frame assembled, 
aligned, accuracy of holes, camber shall be cheeked by the Engineer 
and then only reaming of subsize holes to specified size shall be taken 

up. 

The assembly will be dismantled after final drilling of holes 
and approval of the Engineer, 

The camber diagram showing camber at each panel point, and 
method of shop assembly and any other relevant detail shall be submitted 
to the Engineer for approval. 
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5 1 3.5, 1 2. Fabrication tolerances 

513-5.12.1. In general a 1 1 parts in an assembly shal I Til together 
accurately within tolerances specified in Table 13.1, unless otherwise 
specified by the Engineer and agreed in contract. 

Table 13.1. Fabrication Tolerances 

(Clause 5 1. 15. / 2) 

Individual Components : 

( 1 ) Length ; 



(a) 

Member with both ends finished for 
contact bearing 

i: 1 mm 


(b) 

Individual components of members 
with end plate connection 

r 0 mm - 2 mm 


(c) 

Other members - 

(i) Upto and including 12 tn 

± 2 mm 



(ii) Over 12 m 

± 3,5 mm 

(2) Width : 

(a) 

Width of built-up girders 

± 3 mm 


(b) 

Deviation in (he width of members 
required to be inserted in other 
members 

0 mm - 3 mm 

(3) Depth ; 


Deviation in the depths of solid 
web and open web girders 

3 mm -2 mm 

(4) Straight 

ness: 




(a) 

Deviation from straightness of 

U 30{) subject to 



columns to a maximum of 1 5 mm 
(j) In elevation 

+ 5 mm 



(ii) in plan 

- 0 mm 

(5) 


Deviation of centre line of web from 
centre line of flanges in built-up 
members at contact surfaces 

3 min 

(6) 


Deviation from flatness of plate 

0.005 d to a 



webs of built-up members in □ length 
equal to the depth of the member 

max. 2 mm 

(7) Till of flange of plate girders 



(□) 

at splices and stiffeners, at supports. 

0,005 b to a 



at the lop flanges of crane girders, 

max. of 2 mm 


at bearings. 
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( 8 } 

i<>) 


<b) ai other places 


0,0 1 5 b to a 

maximum of 4 mm 


Deviation from squareness of 
flange to web of columns and 
box girders 


Deviation from squareness ol 
fixed base plate (not machined) 
to axis of column. Tins dimension 
shall be measured parallel to the 
longitudinal axis of the column 
at points where the outer surfaces 
of the column sections make 
contact w itli the base plate. 


L/IOOO, where L 
is the nominal 
length of the 
diagonal 

D/500, where D 
is the distance 
from the column 
axis to the 
point under 
consideration on 
the base plate. 


(10) 

(ID 


Deviation from squareness of 
machined ends to axis of columns 

Deviation from squareness of 
machined ends to axis of 
beam or girders 


D/1000, where 
D is as defined 
in 9 above. 

DM000, where 
D is as defined 
m 9 above. 


f 1 2 ) finds of members abutting at 1 /000 ol depth 

joints through cleats nr end member 

plates, permissible deviation subject to a 

from squareness of ends. max, of I mm, 

513.5.12.2, A machined bearing surface, where specified by 
the Engineer, shall be machined within a deviation of 0.25 mm for 
surfaces that can be inscribed within a square ol side 0,5 m. 

5 ijf5 .13. Alignment at splice anil butt joints 

5J3 5 13.1. Bolted splice shall be provided with sled packing 
plates where necessary to ensure that the sum of any unintended steps 
between adjacent surfaces does not exceed 1 mm (or HSFG bolted 
joints and 2 mm lor other joints. 

513.5.13.2. In welded butt joints, misalignment of parts to be 
joined shall not exceed the lesser of 0. 1 5 times the thickness ol thinner 
parts or 3 mm. However, if due cither to different thicknesses arising 
from rolling tolerance* or a combination of rolling tolerances with above 
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permuted mis-alignment, tins deviation is more, than 3 mm, it shall he 
smoothened by a slope not steeper than 1:4. 

5-13.6. Inspection and Testing 

5 1 3 . 6 . 1 . General : No protective treatment shall be applied to 
the work until the appropriate inspection and testing has been carried 
out. I he stage inspection shall be carried out for all operations so as to 
ensure the correctness of fabrication and good qual ity. 

5 13.6.2. Testing of Material 

513.6.2.1. Structural steel shall be tested for mechanical and 
chemical properties as per various IS as may he applicable and shall 
conform to requirements specified m IS:2062- 1984, IS: 1 1587-1986, 
IS: 1977-1973, IS:8500-1977, 15:961-1975, etc. 

513.6.2.2. Rivets, bolts, nuts, washers, welding consumables, 
steel forging, casting and stainless steel shall he tested for mechanical 
and chemical properties as applicable and -shall conform to requirements, 
as specified in the appropriate Indian Standard. 

5 1 3 . 6 . 3 , Ro 1 1 m g a nd cut t i ng t olerancc sha 1 1 be as per 1 S : 1 8 5 2 . 

I he thickness tolerance check measurements for the plates and rolled 
sections shall be taken at not less than 15 mm from edge. 

513.6.4. 1 .animations in plates shall he carried out for areas 
specified in t lause 513.2 by ultrasonic testing or any other specified 
methods. Flame cut edges without visual signs of laminations need not 
be tested for compliance with t lause 5 1 3.2 unless specified otherwise 
by the Engineer. 

513.6.5. Steelwork shall be inspected Ibr surface defects and 
exposed edge laminations during fabrication and blast cleaning. 
Significant edge laminations found shall be reported Lo the Engineer 
for his decision, 
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Chipping, grinding, machining or ultrasonic testing shall he used 
to determine depth of imperfection. 

for dynamically loaded structures recommended criteria lor 
allowable discontinuities tor edge detects and the repair procedure shall 
be as given in Table 13.2, until and unless specified otherwise. The 
weld procedure shall be as appropriate to the material. 

Table 13.2. Discontinuity of Edge 



Discontinuity 

Repairs required 

L 

Discontinuities of 3 nun in maximum 
depth, any length for material 
thickness upto 200 mm 

None 

, 2. 

Discontinuities of 3 mm to 6 mm in 
depth and over 25 mm in length 
for thickness upto 100 mm and 6 mm 
to 12 mm depth, over 50 mm in length 
for thickness 100 mm to 200 mm 

Remove, need not be 
welded 

3, 

Discontinuities of 6 nun u> 25 turn in 

Remove and weld, No 


depth, over 25 mm in length for 
thickness upto 100 mm and 12 mm 
to 25 mm in depth, over 25 mm m 
length for thickness over 100 to 200 mm 

single repair shall exceed 
20 per cent of edge being 
repaired 

4. 

Discontinuities over 25 nun in depth, 
any length for thickness 100 to 200 mm 

With approval ot 
Engineer remove to 
depth of 25 mm anti 
repair by weld block 

5. 

On edges cut in fabrication. 

| discontinuities of 1 2 mm maximum 
depth any length 

None 

.1 
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5 1 3,6 6. Measurement of curvature and camber: 1 lonzontal 
curvature and vertical camber shall not be measured for final acceptance 
before all welding and healing operations are completed and Ranges 
have cooled to uniform temperature. Horizontal curvature shall be 
checked with girder in the vertical position by measuring offsets from a 
string line or wire attached to both flanges or by any other suitable 
means. ( amber shall be checked hy adequate means. 

5 1 3.6.7. Tolerance for drilled and reamed holes: Acceptable 
deviation in holes drilled and reamed for mild steel and high strength 
rivets, bolts of normal accuracy and also for high strength friction grip 
bolts should be as per appropriate Indian Standard. 

5 1 3,6.8. Bolted connections 

513.6,8.1. Bolted connection joints with black bolts and high 
strength bolls shall be inspected for compliance of requirements 
mentioned in Clause 5 1 3.5.5. 


The Engineer shall observe the installation and tightening of 
bolts so as correct tightening procedure is used and shall determine that 
all bolts are lightened. Regardless of tightening method used, tightening 
of bolts in a joint should commence at the most rigidly fixed or stiffest 
point and progress towards the free edges, both in initial snuggling and 
in final lightening. 

I he tightness of bolts in connection shall be checked by 
inspection wrench, which can he torque wrench, power wrench or 
calibrated wrench. 


lightness of 10 per cent holts, but not less than two bolts, 
selected at random in each connection shall be checked by applying 
inspection torque. If no nut or boh head is turned by this application 
connection can be accepted as properly tightened, but if any nut or head 
has turned all bolls shall be checked and if necessary retig htened. 
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5 1 3 .6.8.2. Bolts, and bolted connection joints with lugh strength 
friction grip bolts shall be inspected and tested according to IS: 4000- 
1 967. 

5 13.6.9. Rivets and riveted connection shall be inspected and 
tested for compliance or requirements mentioned in Clause 513.5.6. 

The firmness of the joint shall be checked by 0.2 mm filler 
gauge, which shall not go inside under the rivet head by more than 
3 mm. There shall not be any gap between members to be riveted. 

Driven rivets shall be checked with rivet testing hammer. When 
struck sharply on head with rivet testing hammer, rivet shall he free 
from movement and vibration. 

All loose rivets and rivets with cracked, badly formed or 
deficient heads or with heads which are unduly eccentric with shanks, 
shall he cut out and replaced. 

5 1 3.6. 10. Alignment of joints: The alignment of plates at all 
bolted splice joint and welded butt joints shall be checked for 
compliance w ith requirements ot Clause 5 1 3.5. 13. 

5 1 3.6. 1 1 . Testing of flame cut and sheared edges is to be done 
where the hardness criteria ol'Clause 513.5.4.2 (a) to (d) are adopted. 
Hardness testing shall be carried out on six specimens. 

513.6.12. Welding and welding connection 

5 1 3.6, 1 2. 1 . Welders qualification test shall be carried out as 
per requirements laid down in 1S:73 1 8 (Part- 1), tor respective approved 
welding procedure, they shall satisfy relevant requirements of IS: 73 10 

(Part-1)- 1970. 

Welding procedure, welded connection and testing shall he m 
compliance of requirements mentioned in Clause 513.5.7. 
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513.6.12.2. All facilities necessary for stage inspection during 
welding and on completion shall be provided to the Engineer or their 
inspecting authority by manufacturer, 

513.6.12.3. Adequate means of identification either by an 
identification mark or other record shall be provided to enable each 
weld to be traced to l lie welder(s) by whom it was carried out 

5 1 3.6. 1 2.4. All metal arc welding shall be in compliance with 
1S:9595 provisions. 

513.6.12.5. The method of inspection shall be according to 
1S:822- 1 970 and extent of inspection and testing shall be in accordance 
with the relevant standards or in the absence of such a standard, as 
agreed with the Engineer. 

513.6.12.6. Procedure tests: The Destructive and Non- 
Destructive test of weld shall be carried out according to IS: 7307 (Part 1). 

5 i 3.6. 12.7. Non-Destructive testing of welds: One or more 
of following methods may be applied for inspection or testing of weld. 

513.6.12.7.1. Visual inspection: All welds shall be visually 
inspected, which should coverall defects of weld, such as, srze, porosity, 
crack in the weld or in the IIAZ (Heat affected zone), etc. Suitable 
magnifying glass may be used for visual inspection. A weld shall be 
acceptable by visual inspection if it shows that : 

(a) The weld has no crack 

(b) Through fusion exist between weld and base metal 
and between adjacent layers of weld metal. 

(c) Weld profiles are in accordance with requisite 
clauses of IS:9595 or as agreed wilh the Engineer. 
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(d) The weld shall be of full cross-section, except for (lie 
ends of intermittent fillet welds out side of their 
effective length. 

(e) When weld in transverse to the primary stress, under- 
cut shall not be more than 0.25 mm deep in the part 
that is under-cut and shall not be more than 0.8 mm 
deep when the weld is parallel to the primary stress in 
the part that is undercut. 

t f) Hie fillet weld in any single continuous weld shall be 
permitted to underrun the nominal fillet weld size 
specified by 1 .(> mm without correction provided that 
under-size portion of the weld does not exceed 1 0 per 
cent of the length of the weld. On the web-to- flange 
welds on girders, no under- run is permitted at the ends 
for a length equal to twice the width of the flange, 

(u) fhc piping porosity in fillet welds shall not exceed 
one in each 100 mm of weld length and (lie maximum 
diameter shall not exceed 2.4 mm, except lor fillet 
welds connecting stiffeners to web where the sum of 
diameters of piping porosity shall not exceed 9,5 mm 
in any 25 mm length oJ weld and shall not exceed I 1 ) 
nun in any 300 mm length of weld. 

(h) The full penetration groove weld in butt joints 
transverse to the direction of computed tensile sticss 
shall have no piping porosity. For all other groove 
welds, the piping porosity shall not exceed one in 100 
mm of length and the maximum diameter shall not 
exceed 2.4 mm, 

5 13.6 12.7.2. Magnetic particle and radiographic inspection: 
Welds that are subject to radiographic or magnetic particle testing in 
add i lion to visual inspection shall ha v e no crack. 

Magnetic particle test shall be carried out for detection of crack 
and other discontinuity in the weld according to IS: 5 334. 
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Radiographic test shall be carried out for detection of internal 
Haws in the weld, such as, crack, piping porosity, inclusion, lack of 
fusion, incomplete penetration etc. Tins lest may be carried out as 
per IS: 1182 and IS: 4853, 

Acceptance criteria: 

The weld shall be unacceptable if radiograph or magnetic 
particle testing shows any of the type discontinuities listed hereunder, 

L 

unless agreed by the Engineer, 

(a) For welds subjected to tensile stress, the greatest 
dimension of any porosity or fusion type discontinuity 
that is 1 .6 mm or larger in greatest dimension shall not 
exceed the size, "B'\ for the effective throat or weld 
size. The distance from any porosity or fusion type 
discontinuity described above to another such 
discontinuity to an edge, or to the toe or root of any 
intersecting flange to web shall not be less than the 
minimum clearance allowed C, for the size of 
discontinuity under exann nation. 

(b) For welds subjected to compressive stress only, the 
greatest dimension of porosity or a fusion type 
discontinuity that is 3.2 mm or larger in greatest 
dimension shall not exceed the size, B, nor shall the space 
between adjacent discontinuities be less than the 
minimum clearance allowed, C, for the size of 
discontinuity under examination. 

(c) The discontinuities having greatest dimension of less 
than 1.6 mm shall be unacceptable, if the sum of their 
greatest dimension exceed 9.5 mm in any 25 mm length 
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of weld, over and above requirements mentioned m (a) 
and (b) above. 

(d) Hie limitations lor 38.1 mm effective throat shall be 
applicable to all effective throats greater than 38. ] mm 
thickness. 

(c) Fot welded bridge girders structural steel to IS: 2062 
and IS: 8500 only shall be used except for secondary 
members, such as, bracings, etc. 

5 1 3.6. 12,7.3. Ultrasonic inspection: The ultrasonic testing in 
addition to visual inspection shall be carried out for detection of internal 
flaws in the weld, such as, cracks, piping porosity inclusion, lack of 
fusion, incomplete penetration, etc. Acceptance criteria as per IS. 4200 
or any other relevant IS Specification and as agreed by the Engineer. 

513.0.12.7.4. Liquid penetrant inspection: The liquid 

penetrant test shall be carried out lor detection of surface defect in the 
weld, as per IS: 365 8, in addition to visual inspection. 

-5 1 3.6.12.7.5, The non-destructive testing of following welds 
be carried out using one of the methods or methods desci ibed in t lause 
5 1 3.6.12.7.2 to 4 as may be agreed by the Engineer. 

(a) All transverse butt weld in tension flange - 

{ h) 10 per cent of length of longitudinal butt welds in 
tension flange 

(ej 5 per cent of the length of longitudinal and 
transverse butt welds in compression flanges 

( d) All transverse butt welds in webs adjacent to tension 
llanges as specified by the Engineer. 

The particular length of welds to be tested shall be agreed 

with the Engineer, in ease of (b) and (c), 
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Where specified by the Engineer, bearing stiffeners or 
bearing diaphragms adjacent lo welds, llange plntcs 
adjacent lo web /flange welds, plates at cruciform welds, 
plates in box girder construction adjacent to corner welds 
or other details shall be ultrason ically tested after 
fabrication. 

Any lamination, lamellar tearing or other de feel found shall be 
recorded and reported lo the Engineer for his decision. 

5 1 3.6. 12.8, Testing of welding for cast steel: The testing of 
weld for cast steel shall be carried out as may be agreed by the Engineer. 

5 \ 3.6. 1 2.9. Stud shear connectors: Stud shear connectors shall 
be subject to the following tests 

(a I The fixing of studs after being welded in position shall be 
tested by strik ing the side of the head of the stud with 2 
kg hammer, lo the satisfaction of the Engineer. 

(b) The selected stud head stroked with 6 kg hammer shall be 
capable of lateral displacement of approximately 0.25 
height of the stud from its original position. The stud weld 
shall not show any signs, of cracks or lack of fusion. 

The studs whose welds have failed the tests given in (a) 
and (b) shall be replaced. 

513.6.12.10. Inspection of members and components 

513.6.12,10.1. Inspection requirement: The fabricated 
member/ component made out of rolled and built-up section shall be 
checked for compliance of the tolerances given in fable 13.1 . Inspection 
of member/components for compliance with tolerances, the check for 
deviations shall he made over the full length. 

During checking the inspection requirement shall be placed in 
such a manner that local surface irregularities do not influence the results. 

f or plate, out-of-plane deviation shall be checked at right angle 
to i he surface over ihc full area of plate. 
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The relative cross girder or cross frame deviation shall be 
checked over the middle third of length of cross girder or frame between 
each pair of webs and for cantilever at the end of member. 

The web of rolled beam or channel section shall he checked lor 
out-of-plane deviation in longitudinal direction equal to the depth of 
the section. 

During inspection, the component/member shall not have any 
load or external restraint. 

5 13.6. 1 2.10.2. Inspection stages: The inspection to he canned 
out for compliance of tolerances shall include but not be limited to the 
following stages: 

(a) For completed parts, component/members on 
completion of fabrication and before any subsequent 
operation, such as, surface preparation, pamting 
transportation, erection. 

(b) For webs of plate and box girder, longitudinal 
compression flange stiffeners tn box girders, and 
orthotropic decks arid all web stiffeners at site joints, on 
completion of site joint. 

(c) For cross girders and frames, cantilevers in orlhotropic 
decks and other parts in which deviations have 
apparently increased on completion of site assembly. 

5 1 3 .6. 1 2 . 10.3 . Where, on check tng member/component for the 
deviations in respect of out-of-plane or out-of- straightness at right angles 
to the plate surface, and any other instances, exceed tolerance, the 
maximum deviation shall be measured and recorded. The recorded 
measurements shall he submitted to the Tngmcer, who will determine 
whether the component/ member may be accepted without rectification, 
with rectification, or rejected. 
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514. HANDLING, TRANSPORTATION AND ERECTION 

5 1 4. 1 . Scope 

5 14.1 .1 , This clause lays down guidelines of general nature for 
handl ing, transportation and erection of bridges and their components. 

514.1.2.11 deals with the action to be taken for various operations 
in handling, transportation in shop floor and in transit as also in the 
erection site. 

514.2. Transportation and Handling 

514.2.1. The Engineer should plan the transportation and 
mention the mode of transportation, packing, placement, fastening of* 
components or materials to ensure carriage free from damages or undue 
distortion. When deciding the mode, the route should be surveyed and 
local restriction in terms DO’s/DON'T’s statement for proper 
handling/transportation to be issued. 

* 

5 14.2.2. All transportable consignments should carry dispatch 
advice/challan as per directions to party concerned. Depending on 
“Target Factor” requirement of materials to be adjusted. 

514.2.3. Loose assembl ed or s uh -a sse m b I cd 1 1 cm s s h ou 1 d have 
clear match mark number of the erection drawing. Critical items should 
be taken special care. 

514.2.4. Protruded members to be specially protected during 
transit. Threaded and machined portion of fabricated structures should 
be carefully handled against damage. 

5 14.2.5. Small items, e.g., nuts, bolts, washers, packing plates 
rivets electrodes shall be dispatched in containers and details fully listed 
to ensure proper receipt and storage. { Inder loaded consignments should 
be normally avoided. 
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5 14.2.6 In case of heavy and unusual structures, availability 
of the transportation medium should be checked in advance and 
arrangements tied up. Stability ol the members shall be checked during 
loading or transportation. Necessary safety measures shall be ensured* 

5 14,2.7. For access to the erection site, it may he necessary to 
erect temporary road bridges which can allow sale movement of the 
fabricated materials and equipment. 

514.3. Storage 

5 14.3. 1 . Suitable area for storage of structures and components 
shall be located near the site of work. 1 he access road should be free 
from water logging during the working period and the storage area should 
be on a leveled and firm ground. 

5 14.3,2. The store should be provided with adequate handling 
equipment, e.g.. road mobile crane, gantries, derricks, chain-pulley 
blocks, winch of capacity as required. Slacking area should be planned 
and have racks, sleeper stands, access tracks and properly lighted. 

514.3.3, Storage should be planned to suit erection work 
sequence and avoid damage or distortion. 

5 1 4.3.4. Fabricated materials are to be stored on non-corroding 
surfaces with erection marks visible, such as. not to come in contact 
with earth surface or water and should be accessible to handltng 
equipment. 

5 14.3.5. Small fittings, hand tools, are to he kept in containers 
in covered stores. 

514.4. Handling 

514.4.1. IS: 7293 and IS: 7969 dealing with handling of 
materials and equipment for safe working should be followed. Safety 
nuts and bolts as directed are to be used while working. 
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5 14.5. Erection Scheme 

5 1 4.5. 1 . Design of a bridge should take into consideration the 
method of erection. A detailed scheme must be prepared showing 
stage-wise activities, with complete drawings and working phase-wise 
instructions. I his should be based on detailed stage-wise calculation 
and take into account specifications and capacity of erection equipment 
machinery* tools, tackles to be used and temporary working loads as 
per coda 1 provisions. 

5 14.5.2. J lie scheme should be based on site conditions, e.g,, 
hydrology rainfall. Hood timings and intensity, soil and subsoil 
conditions in the riverbed and banks* max. water depth* temperature 
and climatic conditions, available working space* etc. 

514.5.3. I he scheme should indicate detail of materials 
required with specifications and quantities, type of storage 
required, etc, 

514.5.4. The scheme should indicate precisely the type of 
temporary fasteners to be used as also the min. percentage of permanent 
fasteners to be fitted during the stage erection. The working drawing 
should give clearly the temporary jigs, fixtures, clamps, spacers supports, 
etc. Adequate provision of spares of vulnerable items to be made. 

5 14.6, Procedure of Erection 

514.6,1. Prior to actual commencement of erection* all 
equipment* machinery, tools, tackles, ropes, etc. need to be tested to 
ensure their efficient working. Frequent visual inspection is essentia! in 
vulnerable areas to detect displacements, distress, damages, etc. 
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514.6.2. Deflection and vibratory tests shall be conducted in 
respect of supporting structures, launching truss as also the structure 
under erection and unusual observations reviewed. Looseness of lutings 
are to be noted. 

5 14,6.3. For welded structures, welders' qualification and skill 
arc to be checked as per standard norms. Non -destructive tests ol joints 
as per designer's directives are to be carried out. 

5 1 4.6.4. Precision non-destructive testing instruments available 
in the market should be used for noting various important parameters o! 
the structures frequently and systematic record is to be kept. 

5 14.6.5. Safety requirements should conform to IS: 7205. 7273 
& 7269 as applicable and should be a consideration of safety economy 
and rapidity. 

514.6.6. Erection work should start with complete resources 
mobilized as per latest approved drawings and after a thorough survey 
of foundations and other related structural work. In case of work ol 
magnitude, maximum mechanization is to be adopted. 

5 14.6.7. The structure should be divided into modules, as per 
the scheme. This should be pre-assemhled in a suitable yard/platform 
and its matching with members of the adjacent module checked by trial 
assembly before erection. Such assembled girders may be tested with 
simulated loads in case of erection on difficult terrain. 

5 14.6.8. The structure shall be set out to the required lines and 
levels. The strokes and masses arc lo he carefully preserved, Ihe 
steelwork should he erected, adjusted and completed in the required 
position to the specified line and levels with sufficient drifts and bolls. 
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Packing materials arc to he available to maintain this condition. 
Organized Quality Surveillance checks need lo be exercised frequently. 

514.6.9. 1 he method of erection, the drawing o( temporary work 
and l Hu use of election equipment shall be subject to the approval by 
the Engineer. 

5 14.6.10. Joints: Any connection to 1 be riveted or bolted shall 
be secured in dose contact by service bolts or specified no. of permanent 
bolls before final connection. Service bolts arc to be fully lightened and 
kept as such by torque wrenches when the joint is assembled. Joints 
shall be made by filling not less than 50 per cent of the holes with service 
bolts and drills in the ratio of 4: 1 . Connections to be completed by close 
tolerance bolts or as specified, as such, practicable, 

514.6.1 L Any connection to be site welded shall be securely 
held in position by approved means to ensure accurate alignment, camber 
and position before welding is commenced. 
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Appendix- A 


LIMITATIONS 

(Clause 502) 

Al. The following special steel bridge structures have not been 
covered in the present code ; 

(a) Curved Bridges 

For curved bridges, rigorous analysis should be made and 
detailing must follow the needs of the curvature effects. 
Having taken into consideration the above aspects, provisions 
of this code can he applied to curved bridges as appropriate. 

(b) Cable Stayed Bridges and 

(c) Suspension Bridges 

These arc special types of bridges calling for specialised 
treatment both for analysis and design. Also, erection 
conditions need to be thoroughly analysed 

<d) Temporary and 

(e) Pedestrian Bridges 

Because of their nature of use. certain provisions of the code 
(such as, permissible deflection, live load, etc.) can be relaxed 
subject to the approval of the Engineer 

{ 0 Swing Bridges and 

(g) Bascule Bridges 

These type of bridges involve mechanical equipment for 
which relevant codes need to be rel erred. For structural 
portion of analysis and design, provisions of the code as 
appropriate can be applied. 
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( h ) Box Girder Bridges 

( i ) Progressed Steel Bridges 

A2. Also, the following aspects of steel road bridges have not been 
covered in this code : 

{n) Rating.x of Bridges 

For this aspect. IRC:SP:37-1991 "Guidelines for Evaluation 
for Load Carrying Capacity of Bridges" may be followed. 

{ b) Fatigue 

Fluctuation of stresses may cause fatigue failure for members 
or sections at lower stresses than those at which they would 
fail nuclei the load However, for steel road bridges, this aspect 
is nnl always critical and has. therefore, not been included in 
this Code. Members subjected to Fkicluat ion of stresses need 
to be examined in accordance with IS: 1024-1979 (Ref 
Clause 505.5}. 
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Appexdix-B 


RULES FOR CAMBERING PRE-DEFORMED OPEN WEB 

GIRDER SPANS 

[Clauses 506.8.3. 1 507.6.2 (h)J 

B 1 . Preparation of Camber Diagram 

Bl.l. Contract drawings are dimensioned for the mam girder 

without camber and in order to ensure that its fabrication 
and erection shall be, such as, to eliminate deformation 
stresses in the loaded span, a camber diagram shall he 
prepared on which shall be clearly indicated the amounts 
by which the nominal lengths (i.e.) the lengths which will 
not give camber) of members shall be increased of 
decreased in order that the outline of the girder under full 
load (dead load and 75 per cent live load without impact), 
shall be the nominal outline. A further change as indicated 
in para 1.4 may be made when the outline of the girder 
shall he normal outline, enlarged (l + K) times in the case 
of a through span and reduced ( 1 - K > times in the case of a 
deck span (see para 1 .4 below for definition of K). 

B1.2. The stress camber change in each member shall be equal to 

the change of length of member due to the above loading, 
but of opposite sign. 

B1.3. For the purpose of calculating the change in length of 

members under stress, the modulus of elasticity for both 
high tensile and mild steel shall be taken as 2. 1 1 xlO s MPa, 
The effective length shall be taken between the theoretical 
intersection points of adjacent members. 

B 1 A. To ensure that the length of the floor system of a span shall 

be constructed to its nominal dimensions, i.e., lo avoid 
changes in lengths of floor and loaded chord lateral system 
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u further change in length shall be made in the lengths of 
all members equal to : 

[ untied chord extension or conn action x length of member =Kx L 
Loaded chord length 

In through spans this change will be an increase in the 
lengths of all members while in the case of deck spans it 
will be a decrease in the lengths of all members. 

B1.5. The nominal girder lengths altered in accordance with 
paragraphs l-l and 1 .4 give a girder correctly stress 
cambered but with the loaded chord length identical with 
that shown on the contract drawings, thus requiring no 
modifications to fioor and loaded chord lateral systems. 

B 1 .6. The nominal lengths and camber lengths shall be rounded 
off to the nearest half a millimeter. 

B 1.7. The di fference between nominal lengths and camber lengths 

thus, modified ts the practical camber changes, 

B 1 .8. The ordinates corresponding to i he required camber at nodes 
may he obtained either by drawings Will iot Mohr Diagram 
or any other acceptable method. 

B1.9. Adjustments of the lengths shall be made to top lateral 
bracing members to suit camber lengths of the lop chords 
in the case of through girder spans and to the bottom lateral 
bracing members in the case of deck spans. The average 
value of the pre-stressed length of top or bottom lateral 
member, as the case may be. shall be adopted throughout. 

B2. Fabrication 

B2. 1 , The actual manufactured lengths of the members are to be 
the lengths “with camber" given on the camber diagram. 

R2.2. The positions and angular setting out lines of all connection 
holes in the mam gussets and also the positions of the 
connection holes in the chord joints and the machining of 
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the ends shall be exactly as shown on the contract drawings. 
This will permit the butts in the chord segments to be 
exactly as shown on the contract drawings, 

32.3. The groups of connection holes at the ends of all the 
members are to be as shown on the contract drawings, i.e., 
without any allowance for camber but the distance between 
the groups at the ends of each member shall be altered by 
the amount of the camber allowance in the member. 

B3, Erection 

B3.I. The joints of the chords shall be drifted, bolted and 

preferably riveted to their geometric outline. 

B3,2. All other members are to be elastically strained into position 

by external forces, so that as many holes as possible are 
(air when 11 lied with rivets. 

B3.3. Drifting of joints shall be avoided as far as possible, and 

when necessary, should be done with great care and under 
close expert supervision. Hammers not exceeding one kg. 
in weight should be used with turned barrel drifts and a 
number of holes drifted simultaneously, the effect of the 
dri fting being checked by observation of adjacent unfilled 
holes. 

B3.4. The first procedure during erection consists of placing 

camber jacks in position on which to support the structure. 
The camber jacks should be set with their tops level and 
with sufficient run out to allow for lowering of panel points 
except the centre by the necessary amounts to produce the 
required camber in the main girders, it is essential that the 
camber is accurately maintained throughout the process of 
erection and it should be constantly checked. The jacks 
shall be spaced so that they will support the ends of the 
main girders and the panel points. The bottom chord 
members shall then be placed on the camber jacks, carefully 

131 


me 24-2001 


leveled and checked lor straightness and the joints made 
and riveted up. 

B3.5, The vertical and diagonal web members, except the posts, 

shall then be erected in their proper positions on the bottom 
chords. It is recommended that temporary top gussets, the 
positions of the holes in which are corrected for the camber 
change of length in the members, should be used to connect 
the lop ends of the members: this will ensure that the angles 
between the members at the bottom joints are as given by 
the nominal outline of the girders. The vertical and diagonal 
shall then be riveted to the lower chords. 

B3.6. All panel points, except the centre, shall now be lowered 

by amounts to produce the correct camber in the main 
girders as shown on the camber diagram. 

B3.7. The top chord should be creeled piece by piece working 

symmetrically from the centre outwards, and the joint made 
by straining the members meeting at the joint and bringing 
the holes into correct registration. 

B3.8. The temporary gussets, if used, shall be replaced by the 
permanent gussets m the same sequence as the erection of 
the top boom members. 

R3.9. The end posts shall be erected last. The upper end 

connection should preferably be made first and if there is 
no splice in the end raker, the final closure made at the 
bottom end connection. If there is a splice, the final closure 
should be made at the splice. 

B3.10. When cantilever method of erection is used, the above 
procedure does not apply. 
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AppemiLx-C 

PROTECTION AGAINST CORROSION 
Introduction 

Phenomenon of corrosion is essentially recognized as an 
eletro-chemical process through formation of anode (steel 
substrata), cathode (top mill scale) in the all pervading 
presence of electrolyte (moisture). 

( Concentration of oxygen, carbon dioxide, chlorides causing 
acid film and unfavourable temperature, residual stresses, 
etc, are some of the factors which initiate and accelerate 
corrosion. An everlasting solution to the problem of 
protection against corrosion is yet to be evolved. 

All steel work should be designed and detailed to minimise 
the risk of corrosion. Provision of IS: 8629 should be taken 
into account for corrosion protection. 

All parts should be accessible for inspection, cleaning 
and painting or should be effectively sealed against 
corrosion. Where these methods arc not possible either the 
surface of the steel should be given a system of protective 
coating or treatment selected with due regard to the design 
life of the part, together with an additional thickness of the 
steel or the steel used should have corrosion resistant 
properties as suitable for the design environment. 

Adequate drainage should be provided where there are 
chances of collection of water. Hollow members without 
access for internal inspection and maintenance should be 
effectively sealed against corrosion. 

Aspects to be considered 

Prior to choosing and specifying the type of protective 
system for bridge structures, it is necessary to: 

(a) ^Identify the environment 
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(b) Assess life cycle costs tor some prima-facie suitable 
systems 

(c) Compare and select the preferred system 

(d) Define the system as completely as possible 

Selection of a protective system and the correct 
specifications of material including testing and their 
application methods are essential and important for 
satisfactory performance oT the chosen system under 
given environmental conditions 

02. 2. Environment 

Following aspects need to be studied 

C2 .2.1. Broad en virotmien tal conditions : 

(a) Exterior exposed 

(b) Polluted/non polluted (Inland) 

(c) Pollute d/non polluted (Coastal) 

(d) Exterior sheltered 

(e) Saline/non-saline 

C2.2.2. Local conditions : 

(a) Splash/Fully immersed zone; 

(b) Presence of harmful salts, viz. sulphates/chlorides 

(c) Likelihood of abrasion and impact 

(d) Presence of fungi and bacteria 

C2.2.3. Other factors : 

(a) Appearance (after painting) vis-a-vis the surroundings 

(b) Maintenance aspects 

- Access for effective inspection and maintenance 

- Possibility of effective maintenance. 
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- Time schedule for renewal of coating 
system 

(g) Tolerance of coaling 

- in difTerenl surface preparation 

* In different application treatments 

{ t ]) Su liability of coating system from consideration 
such as : 

Ready availability, compatibility, application methods 
such as brushing airless spray, etc., lime schedule 
between first coating and cost effectiveness linal 
treatment, damage during transport and handling, etc. 

(e) Past performance of the coating system 

(f) Level of expertise required in application of 
coating system. 

Control of Corrosion 

Corrosion can be minimised/control led by : 

Improved design and detailing; 

Cathodic protection; 

Concrete encasement; 

ISse of special corrosion resistant steels; 

Protective coaling on surface. 

Salient features concerning the above are given hereunder > 
Improved design and detailing 

1'his essentially will entail : 

Selection of appropriate quality o I steel; 

- Proper slope and geometry of structures to avoid 
accumulation of deleterious mallei and debris; 

Easy accessibility lo all parts of structures; 

Proper drainage hole locations; and draining out without 
affecting structural members. 
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Provision of good seal m bolted connections; (to avoid 
corrosion in the crevices; by trapped moisture); 

Avoidance of sharp cut -edges; 

[insuring Electro-chemical compatibility between the 
coating and parent-metals; 

Arrangements for safeguarding painted members from 
accidental damage during transport/erection}. 

Extra thickness may be provided as per clause in the 
relevant chapter. 

C3.2. Cathodic Protection 

There are two basic types of cathodic protection : 

(a) Sacrificial anode system; This system does nol require 
externa] power source. Magnesium, Zinc, Aluminium are 
used as anode and the metal to be protected becomes cathode. 
Hence, there is no corrosion in the metal. 

(b) Impressed current system: This system requires D.C. power 
supply. 

C3 . 3 . C nncretc Encasement 

I he concrete itself acts as a protective barrier. Adequate 
cover and good quality of concrete is however, essentia!. 
Loose mill scale and rust should be removed but other 
surface preparations arc not necessary. The steel work must 
nol be painted but a cement-wash may be given to the sled 
surface to prevent corrosion until it is encase. 

C3 .4. Use oft 'urrosidn Res is tan t Steel 

C3.4, l . Weathering steels aft low-alloyed steels containing a total 
of I per cent - 2 per cent alloys, in particular, copper, 
chromium, nickel and phosphorous. The chemical 
composition of this sled is such that increased protection 
is provided by the patina which develops after a shoit period 
of oxidation. Atmospheric that no painting is required for 
such steels is not just i lied as recent experience of such steels. 
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exposed to salme environment, (where chlorides ions act as 
dc- pass i valors indicated that weathering steels act as de- 
pass i valors) indicates that weathering steels have also some 
corrosion problems. Fabrication and erection of such steels 
need greater care. 

C3.4.2. Stainless Steel 

Another well known non-corrosive type of steel is the 
stainless steel. Stainless steels arc known for their resistance 
to atmospheric corrosion. F towever, such steels also tend to 
corrode particularly where they are protected from direct 
oxygen supply or where oxygen availability is reduced. 
Adverse environmental conditions, such as. warm moisture, 
saline charged atmosphere is also detrimental to long term 
satisfactory performance of these steels. Use of these may 
be considered only as special components. 

C3 . 5 . Protect i ve Surface Coating 

C3.5. 1 . All protective coalings are classified separately as 

(a) Metallic; e.g, galvanizing, metallising, etc. 

(b) Non-metallic, e.g., paints 

C3 .5.2. Gal va rising 

The process of providing zinc coaling to steel surface is 
called galvanisation. 

C3.5.3. Metallising 

Metallising consists of projecting an atomised stream of 
molten metal at a high velocity from a special gun on to a 
‘prepared* surface. 

C3.5.4. Painting 

Paints are a mixture of film forming material called a vehicle 
or binder and pigments for colouring and protection. A 
drying agent may also be added. The vehicle or binder may 
be natural oil or resin or alkyd varnish or synthetic resin. 
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Pigments* are solid particles, insoluble in the hinder 
and add colour to the paint or corrosion resistance. 

0.5,4. 1 . Surface Preparas ion 

Steel surface to be painted either at the fabricating shop or 
at the site of work shall be prepared in a thorough manner 
with a view to ensuring complete removal ol mill scale by 
one of the following processes as agreed to between the 
fabricator and the Engineer (or the purchaser). 

(a) Grit/sand blasting 

(b) Pickling which should be restricted to single plates, hors 
and sections 

(c) Flame cleaning 

(d) Scraping and wire brushing 

The last process, viz., scraping and wire brushing should 
be avoided as far as possible and restricted to temporary 
bridges only. 

Primary coat shall be applied as soon as practicable niter 
cleaning and in case of flame cleaning, primary coal shall be 
applied while the metal is warm. 

All slag from welds shall he removed before painting. 
Surfaces shall be maintained dry and free from dirt and oil, Work 
out of doors in frosty or humid weather shall be avoided 

C3.S.4.2. Type of Paints 

C3.5-4.2-l. Ordinary pain fs 

These include paints based on drying oils, alkyd resin, 
modified alkyd resin, phenolic varnish epoxy, etc. 

Alkyd resin paints for the protection of steel structures 
are based partly on natural oils and partly on synthetic resins. 
These paints arc used for steel structures in atmospheres 
which are not too aggressive. 
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Oil based paints are only used for steel structures in 
cases where the surface preparation cannot be ideal. 
Ordinary painting system can generally be sub-divided into 
two groups. 

(a) Primary Coats 

This is applied immediately after the surface preparation 
and should have the properties of 

Adhesion 

Corrosion inhibition and 

Imperviousness to water and air. 

(b) Finishing Coats 

These are applied over the primary coats and should have 
the properties ol 

Durability 

Abrasion resistance, and 

_ Aesthetic appearance and smooth finish. 

Depending on the aggressive nature of the environment the 
number of coats can be increased, e.g., A primer, under-coat and 
top coat can be given for aggressive marine atmosphere. 

0 . 5 . 4 . 2 . 2 , C Inimical resist a nt paiti ts 

The more highly corrosion resistant paints can be divided 
in two main groups 

One pack paints (ready for use) 

Two pack paints (mixed before use). 

The two pack paints are mixed together immediately 
before use and are workable thereafter only during a 
restricted period of time. They dry as a result of a reaction 
between their components and yield hard tough films with 
resistance to abrasion. 
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C 3.5, 4.2. 3 . Vinyl pa infs 


\ my! paints are based on polyvinyl resins, such as 
polyvinyl-chloride (PVC) and polyvinyl -acetate, etc. 


Certain types of vinyl resin paints yield thick, relatively 
soli and rubber, like, coatings with good chemical 
resistance. 1 hey can be repainted without difficulty. 

C 3. 5. 4. 2, 4. Chlorinated rubber paints 


I hese paints have also good chemical resistance. The main 
fields of applications are in aggressive environments and 
in the chemical industry. In general, chlorinated rubber 
paints do not have a high gloss. 

C3 .5 .4, 2 . 5 . Bituminous paints 


As a paint vehicle, bitumen is inferior to other vehicles but 
because of the low price, tins could be applied in greater 
thickness (up to several millimeters) and may be suitable 
for some situation. A significant advantage of bitumen 
paints is their impermeability to ingress of water. However, 
bituminous paints do not withstand effectively detrimental 
effects of oil. 


C 3 . 5 A. 2 . 6. Epoxy > paints 


These resin paints have good adherence to a very well 
prepared surface. They are mechanically strong and 
resistant to chemicals. A disadvantage of epoxy resin paints 
is dial it can rapidly become dull when exposed to strong 
sun light. I hese disadvantages do not. however, greatly 
influence their protective power. 

t 3 . 5 .4. 2 . 7 , Poly wet bane paints ; 

I he chemical and mechanical behaviour of polyurethane 
pa i nl i esc mb] c very much those to the epoxy paints. 

However, polyurethane paint retains its gloss for a longer 
period. 
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C3 , 5 ,4 . 2 , 8 . Zinc ric it paints : 

Instead of introducing an inhibit jve pigment into paint, 
metallic zinc can be used, and such paints can provide 
cathodic protection to steel. 

C3.5.4.3 . Choice of Painting System 

The choice of suitable painting system is dependent on 
factors such as : 

- Available application methods viz. brush, roller or spray; 

- Durability in a specific environment 

- Availability of skilled manpower 

- Cosx/benefit. etc. 

It is therefore necessary to consult various manufacturer 
of paint and ascertain the above aspects while deciding on 
the appropriate choice of painting system. 

C3.5.4.4. Typical guidelines for epoxy based paints and the 
conventional painting system for bridge girders are given 
below : 

(a) Epoxy Based Painting 

(i) Surface preparation - Remove oil/greasc by use of 
petroleum hydrocarbon solution (ISI : 1 745- 1978). 
Grit blasting to near white metal surface. 

(ii) Paint system - 2 coats of epoxy zinc phosphate * 
primer = 60 micron. 

Total 5 coats = 200 micron. 

{ b ) Con ventional Paint i ng System 

(i) (For areas where corrosion is not severe) 

Printing coat 

One heavy coat of ready mixed paint, red lead 
primer to IS: 102. 
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or 

One coat of ready mixed paint zinc chrome primer to 
IS: 104 followed by one coat of ready mixed paint red 
oxide chrome primer to IS: 2074. 

or 

Two coats of zinc chromate red oxide primer to IS:2074 
Finishing Cotits: 

Two cover coats of red oxide pa ini to IS: 1 23 or of any 
other approved paint shall be applied over the primer 
coat. One coat shall be applied before the fabricated 
steel work leaves the shop. After the steel work is erected 
at site, the second coal shall be given after touching up 
the primer and the cover coats, if damaged in Transit, 

(ii) (For areas where corrosion is severe) 

Priming Coat 

Two coats of ready mixed paint red lead primer to 
IS: 102. 


or 

One coat of ready mixed zinc chrome primer to IS: 104 
followed by erne coat of zinc chromate oxide 
primer to IS:2074. 

Finishing Coats 

Two coats of aluminium paint to I S : 2 3 3 9 shall be 
applied over the primer coals. One coat shall be applied 
before the fabricated steel work leaves the shop. After 
the steel work is erected at site the second coat shall be 
given after touching up the primer and the cover coat if 
damaged in transit. 

C3.5.4.5, General 

Surface which are inaccessible for cleaning and painting 
after fabrication shall be painted as specified before being 
assembled for riveting. 
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All rivets, bolts, nuts, washers, etc, are to be thoroughly 
cleaned and dipped into boiling linseed oil to IS:77. 

All machined surfaces are to be well coated with a mixture 
of white lead to IS:34 and Mutton tallow to 1 S : 8 8 7 , 

For site paintings the whole of the steel work shall be given 
the second cover coat after final passing and after touching 
up the primer and cover coats, if damaged in transit. 

C3.5.4.6. Quality of Paint 

The paints which have been tested for the following qualities 
as per the spec ill cation given in the relevant IS codes should 
only be used. 

- Weight Test (weight per 10 la. of paint thoroughly mixed); 

- Drying times; 

- Flexibility and adhesion; 

- Consistency; 

- Dry thickness and rate of consumption 

C4. Guidelines for Protective C oating System in Different 

Environments 

Corrosion has to be controlled in an economical way. Since 
the seriousness of the problem depends on atmospheric 
conditions and these vary enormously, there is no single 
protective system or method of application I hat is suitable 
for every situation. 

C4. 1 . However, as a guide, broad recommendations are given in 
Table C-l for various types of coatings in various 
environmental conditions, based on past experience as well 
as trials conducted overseas (both in laboratories and also 
in the field). Approximate life to first maintenance is also 
indicated and can be used as a guide for deciding on the 
maintenance schedule. 
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Table C-1. Recommendations for Types of Protective 

Coatings 


System Environment 


I. Wire brush to remove all 
loose rust and scale; 2 
coats drying oil type primer, 

1 undercoat alkyd type paint; 
I finishing coat a lk yd type. 
Total dry film thickness 
= 150pm. 


2, Wire brush to remove all loose 
and scales; 2 coats drying oil 
type primary, 2 undercoats 
micaceous iron oxide (MXO) 
pigmented phenolic modified 
drying oil : Total dry film 
thickness : 1 70|i m. 

3. Blast clean the surface; 2 coats 
of quick drying primer under-coat 
alkyd type paint; Total dry film 
thickness - 130 - I50p m. 


4. Blast clean the surface; 2 coats 
of drying oil type primer, I 


Suitable for mild conditions 
where appearance is of 
some importance and where 
regular maintenance is intended 
Tilts system may deteriorate to 
marked extent if it is exposed 
to moderate aggressive 
atmospheric conditions for 
lengthy period . 

Similar to (i) but where the 
appearance is not very important, 
provides longer life in mild 
condition. Will provide up to 5 
years life to first maintenance 
in polluted inland environment. 

Compared with (i) this would 
provide a longer life in mild 
conditions and could be used in 
less mild situation, e.g. inland 
polluted, where maintenance 
could easily be carried out at 
regular intervals. 

Suitable for general structural 
steelwork exposed to ordinary 
polluted inland environments 
where appearance is not of 


under- coat micaceous iron oxide 
pigmented drying oil lype paint; 


Total tlry film thickness- 1 69- 1 90pm. primary importance. 
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5 , Blast clean the surface; 2 coats 
of metallic lead pigmented 
chlorinated rubber primer, I 
under-coat of high build 
chlorinated rubber. 1 finishing 
coat of chlorinated rubber : 

Total dry film thickness- 200pm 

6. Blast clean the surface ; 350 pm, 
- 450 thickness coal tar epoxy. 


7. Pickle; hot dip galvanise (Zinc) 
Total thickness - 85p m. 


8. Gm blast, hot dip galvanised 
(Zinc) Total thickness - 140 jj m. 

9. Grit blast, 1 coal of sprayed 
zinc/aluminium fallowed by 
suitable sealer. 

Total thickness 1 50pm. 


Suitable for structures in 
reasonably aggressive conditions, 
e,g,, near the coast. Will provide 
long-term protection than (tv) in 
non-coastal situations. A Iso, 
suitable for aggressive interior 
situations such as indusu ml areas. 

This system would he suitable for 
sea- water splash zones or for 
conditions of occurrence of 
frequent salt sprays. 

Suitable for steel work in 
reasonably mild conditions. A 
life of 15-20 years before first 
maintenance could be expected in 
many situations. 

Provides a longer life than (vii) 
because of the thicker zinc 
coating. 

Expected to provide long term 
protection approx. 15-20 
years in aggressive atmosphere. 
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POST-CONSTRUCTION INSPECTION AND 
PREVENTIVE MAINTENANCE GUIDELINES 

General 

Bridge structures, permanently exposed to atmosphere are 
subjected to effect of adverse environmental conditions. 
Investment made in the structural facility can be protected 
by well programmed, monitored- inspect ion and 
maintenance schedule adopted for its designed life. Such 
systems developed ensures structural safety by recording 
the state of the structure periodically and providing Seed 
back information to designers while actually identifying 
actual and potential sources of trouble and taking remedial 
measures in time. 

This clause lay down the desired inspection procedure for 
determining physical condition and programming 
maintenance needs ot the bridges. Systematic periodical 
inspection required for various elements and the 
responsibilities of the inspection group have been specified. 
The scope of maintenance work involved does not include 
correcting measures for known deviations introduced during 
construction stage and no attempt has been made in this 
direction. It is necessary to understand that for proper 
inspection of various components of the bridge structure in 
built facilities should be developed at the detailing and 
construction stage, for accessibility to important areas. 

Inspection 

Bridge inspection is done by use of well tried and 
established techniques required for assessing the physical 
condition of the structure, IRC Special Publication 35 , 
“Guidelines for Inspection and Maintenance of Bridges" 
may be referred in this connection. 
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D2.I. 

D2.-1.1. 

D2.1.2. 

D2.1.3. 

D2.1.4. 

D2.I.5. 


Personnel 

The in-charge for bridge inspection and reporting shall 
posses the following qualifications : 

(a) Be a qualified engineer or equivalent with adequate 
experience in Bridge Inspection 

or 

(h) Have a minimum of 10 years experience in bridge 
inspection assignments in a responsible capacity. 

He shall be responsible for a methodical and thorough field 
inspection, the detailed analysis of all observation recorded, 
arrive at findings to recommend rectification of defects, 
imposition of speed restriction or load limitations and any 
other measures as necessary. 

The problems encountered in this work are variable and 
complex as such matured judgment is often required for 
evaluation of the recordings. 

He must be thoroughly familiar with design and construction 
features of the bridge so as to make a correct interpretation 
and capable of determining the safe load carrying capacity 
of the existing structure. He should he capable of 
recognising any deficiency in the structure, assess the 
seriousness and suggest appropriate remedial measures to 
ensure safely. His experienced knowledge to recognise 
problem areas {actual and potential) and to ensure 
preventive maintenance is an important requisite. 

He should be able to utilise the expert knowledge and skills 
of associate Engineers in respect of structural design, 
construction methods, material, hydro dynamics, 
equipment, soil technology, maintenance methods for 
permanent and emergency measures, etc. and should have 
access to resources and expert systems. 
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02 , 1 . 6 . 

m. 


04. 

D4 . ! . 
04. U. 

04. 1.2. 

04.2. 

04.3. 


0c finite guidelines should he given to ensure availability 
of technical assistance from other agencies/ where regular 
staff is not available. In case of specialised structure 
consultation with expert bodies is a necessity. 

Training 

Bridge management requires extensive team work involving 
various levels of responsibility and skills. Training 
programmes need be framed in order to develop expertise. 
Training facilities may be set up at central level lor training 
of trainees and at local level for actual imparting training 
to field staff, workshop on topical interest may be held 
regularly to acquaint the concerned people with accepted 
technical methods and their correct application. 

Frequency of Inspection 

Detailed Inspection 

The details and frequency to which Bridges are to be 
inspected will depend on such factors as age. traffic 
characteristics, state of the structure, vulnerability and 
having known history of deteriorating condition. Evaluation 
of these factors will be the responsibility of the individual 
in-eharge of the inspection programme. 

Each bridge has to be inspected in detail at regular intervals 
not exceeding 5 years. 

Periodic Routine Inspection 

Certain items in each bridge have to be inspected at definite 
intervals of time at least once a year, irrespective of whether 
anything alarming has taken place or not. 

Special Inspection 

Such Inspection are required for any bridge with known 
deficiencies, like, restriction on weight/speed, loss of 
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camber and are considered necessary on the basis of routine 
inspection or unusual occurrence. 


Recommended frequencies of various inspection item 
are shown in Table D- 1 , These arc for guidance only. 

Table D-l. Bridge Inspection Record Sheet 


SI. 

No. 

Inspection Items 

5 Year 

1 Year 

6 Months 

I. 

Main Bridge a) Steel Girders 

* 

* 



Structure and Stringers 

& 

* 



b) Trusses 




2. 

Bearing a) Wearing surface 

* 

* 


3. 

Decks a) Drainage 

* 

* 

As 


System 

* 

4 

situation 


h ) Steel Deck 

* 

4 

demands 


c) Curbs 

* 

* 



d) Foot Path 

* 

* 1 


4. 

Expansion Joints 

* 

* 


5. 

Railing and Crash 

* 

* 



Barriers 




(>. 

Signs 

+ 



7. 

Services and Utilities 

* 




Note : In the case of distressed bridge, special instructions to be issued 
by the competent authority. 


D 5. Inspection Procedure 

D5.1. General 

05.1.1. The Held inspection of a bridge should be conducted in a 
systematic and organised manner and observation recorded 
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on a formal to ensure that no item is overlooked. Notes 
must be clear and detailed to the extent that they can be 
interpreted at a later date when report is prepared. Sketches 
and photographs should be included in an effort to record 
actual conditions. 

D5.1.2. As far as possible the inspecting officer should schedule 
bridge inspection in those periods of the year which offer 
the most favourable conditions. Inspections during 
temperature extremes should be made at bearing, joints etc. 
Inspection should not be confined only to search for defects 
which exist, but for conditions of anticipatory nature and 
marking those zones. Preventive maintenance is equally 
important to corrective ones. 

D5 .2 . inspection I terns 

Inspection of all items, such as, approaches, waterways, 
basic floor conditions, substructure which may affect the 
safety of the steel superstructure need be done, like, other 
types of bridges. 

L)6. Main Structure 

D6. 1 . Steel Girders and Stringers in the deck structure should he 
examined for signs of corrosion, cracks along the flanges 
around rivet or boll heads, its contact surfaces and wlieYe 
water enters and stands or debris may collect at the ends. 

IX).2. f langes and webs shall be checked lor any damage or 
misalignment. Web-stiffeners are to be examined for signs 
of deformation due to buckling. Unusual vibration or 
excessive deflection under passage of heavy loads should 
be noted and cause investigated. 

06.3. All end connections should be inspected to make sure than 
they are secure. 

D6,4. Weld areas should be inspected to check crack. Special care 
should be exercised to inspect comers, curved, sections and 
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DO. 5. 

D6.6. 


06 . 7 . 


06. 8. 


D6.9. 

D6.9.1 


areas where there is an abrupt change in the size ol metal 
or in configuration which may produce an aica of 
concentrated stress or in areas where vibration or movement 
could produce stress concentration. Damages or 
deformation caused to the main-structural members due to 
vehicular impact should be particularly watched. Fatigue 
failure and welded joints being a cause of concern in bridge 
structures with age such structures need more cat eful check 
and watch. 

Creep - The longitudinal movement of a girder is termed as 
creep. This point should be checked and girders pulled back 
if necessary to the proper position. 

Distortion - With variation of temperature, the girder is 
likely to have longitudinal movement due to expansion and 
contraction, absolute freedom of movement is impracticable 
and there remains a residual force which develops internal 
stresses, causing tendency to distort. Distortion is measured 
in the bottom top chord. 

Lateral Bracing 

Normally a span of a bridge consists of two or more girders 
braced together with lateral bracings. These bracings should 
be thoroughly checked for corrosion on loose rivets and 
deformity, viz., bracing distortion, etc. 

Loose Rivets 

Field rivets are to be examined for looseness. This is 
caused due to running traffic and consequent vibratory effect 
and corrosion around the rivets. A joint with loose rivets 
should not be touched unless more than 20 per cent rivets 
in the joint are loose. 

Bearings 

All bearing devices should be examined to ascertain that 
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l hey are I unction ing properly. Changes in other parts of the 
structure, such as, pier/abulments settlement and tilt may 
be reflected in the bearing. Bearings should be seated 
properly on their bed plates and provided with gaps at both 
ends. Bearing assembly should be checked for possible 
cracks by magnifying glass after removal of paint cover in 
doubtful cases. In case of roller bearing, the relative position 
of the top castings, bottom castings and rollers variation to 
the temperature noted. Longitudinal movement of the free- 
end shall be recorded under moving load. After unusual 
occurrences bearings and support pads must be examined 
(or cracks, etc. Lateral shear keys in skew bridges also invite 
special check. 

D6.9.2. Lubrication of Bearings 

Oiling and greasing of the bearing is done periodically 
once in 3 years. Improper and failure in timely lubrication 
may lead to corrosion of bearings resulting in reduction in 
strength and consequent damages. 

Where bearings are encased in oil baths and stay 
submerged in recommended brand of lubricating oil the 
level ol oil should be maintained on check inn every year. 

It should be ensured that the oil baths are always sealed. 

06.9 ,3 . Elastomeric Hearings 

The physical conditions of elastomeric bearing pads 
should be inspected for observing any abnormal flattening, 
bulging or splitting which may indicate overloading or 
excessive unequal distribution of loading, shifting from 
original position should be checked particularly. 

D6.9.4. Condition of Bed-Block and H.D , Bolts 

Bed Blocks receive the full load from the bearings of 
the bridge and distribute and transmit the same to the 
masonry below. Restriction oi free movement in 
superstructure may result in : 
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( 1 ) Development of transverse cracks in piers/a hutments 

(2) Failure of bed blocks joints leading to shaking bed blocks 

(3 ) Shearing of holding down bolts ( Particular importance due 
to introduction of greater longitudinal forces) 

It must be ensured that the anchor bolts are well secured. 
D7. Trusses 

D7.L Camber of the trusses should be checked and the ambient 
temperature recorded at the time ol detailed inspection , A 
camber diagram should be made in the inspection register. 
Loss of camber may be assessed from comparative readings. 

D7.2. All truss members should be checked. The compression 

members should be checked for straightness absence of kink 
or bows and the connections are undisturbed. (Tension 
members should not show signs of cracking). 

D7.3, L The truss should be checked against damage due to collision 
with vehicular traffic, portal bracings and sway bracings 
are usual iy the most restrictive to overload movements and 
consequently susceptible to damage. 

D7.3.2. The condition of pins at the connections and rivets, bolts 
should be checked to see that none are loose, worn-out or 
sheared. Particular care to be given to following locations ; 

(a) Connections of stringers to cross girders 

(b) Connections cross girder to main girder 

( c ) End connec t ion of braci ngs 

(d) Chord joints and web-member connection 

D8. Corrosion and Painting 

Steel structure is sensitive to the atmospheric moisture and 
vehicular smoke and therefore should be protected by paints 
or anti-corrosive measures. The condition of the members 
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should be examined and the extent of corrosion recorded, 
the portions of steel work where water is likely tostangate 
or which are subjected to alternate wetting or drying need 
special care. Deformation in riveted or bolted multiple 
sections should be examined to check if moisture has 
entered and corroded the contact surfaces of the plates 
causing them to be pushed apart. The exact location and 
area of the affected portion should be recorded. This area 
should be got cleaned, thoroughly scraped, old paint, rust, 
scaling removed and repainted and appropriate remedial 
measures taken up immediately, 

D9. Decks 

D9. 1 . Steel decks should be checked for corrosion and unsound 

welds. It is important to maintain an impervious surface 
over a steel plate deck to protect against corrosion in 
aggressive environmental condition, 

D9.2, h is necessary to have effective drain holes to prevent 
collection of water on the deck. 

DIO. Expansion Joints 

DlO.l. Maintenance of these joints need special attention and 

should be carefully examined. The joint should be clear of 
debris and be able to have free thermal expansion as 
designed. 

T> 1 0.2. Finger type joints and sliding plate joints should be checked 

for loose anchorage, cracking or separation of welds or other 
defects. Such delects cause structural deformation and is 
hazardous to traffic. Deck adjacent to expansion joints 
should be carefully examined for voids and cracks. 
Underside of expansion joints also need careful inspection. 
Systematic documentation of the movement of expansion 
joints need to be kept to judge proper functioning of the 
bridge structure. 
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Dll. 

DILI. 


D 1 1.2. 

D 1 2. 


D13. 

D13.1- 


D13.2. 

D14. 

D14.L 


D14.2. 


Railings and Safety Barriers 

Handrails are to be examined for unusual damage, 
deformation, corrosion and paintings. 1 lie embedment ot 
posts to be checked tor rust stains, which arc signs ol rusting. 
Extent of corrosion need to be checked when signs exist on 
the surface. 

All handrails are to be checked for any damage for traitic. 
The vertical and horizontal alignment are to be maintained. 

Services 

The number and types o I utilities, such as pipelines, cables, 
etc. must be inspected and observations kepi lor record with 
the details suitably displayed. Special care need be kept for 
hazardous utilities, regular joint inspection in such case 
with suitable guidelines is a necessity. 

Special Structures 

Moveable Bridges 

The most common type of moveable bridge are the sw ing 
span, vertical lift bascule {Single or double leaf)- inspection 
of the trusses, floor system, and other structural elements 
will require inspection procedures suitably modified as per 
guidelines mentioned in the Code. Ensuring proper seating 
of the girder after operation is an absolute necessity. 

In case of other structures, like, suspension bi idges, cable 
stayed bridges detailed inspection manuals should be 
prepared and staff trained to observe the same. 

Documentation 

The most important function of bridge maintenance unit is 
to prepare a complete, methodical and current record lor 
each bridge on the system. Much of the usefulness o I the 
information obtained from field investigation depend upon 
its reliability and availability on a concise format. I he 
record must be preserved systematically and readily 
available. 

Records should provide a full history ol the structure 
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including all recommendations Jbr strengthening and 
restoration works undertaken and the behaviour of the 
structure thereafter. This record should indicate clearly the 
life carrying capacity of the structure with supporting 
document calculations. 

D14.3, Complete record in an usable format is vital for the 
continued service ability of the bridge. It is essential 
computerised data system is introduced as soon as 
practicable. 

1)14.4. A sample record sheet ts shown in Table D-l. 

D15. Standard Tools 

A list oi standard tools required for inspection is given in 
Table L)-2 as guide. 

Table D-2. Standard Tools and Equipment 
A. STANDARD TOOLS 

( 1 ) Clip Board, Chalk, Markers, Clamps* etc. 

(2) Poekei 1’apes, Folding Rules, Tapes ( 1 0 m to 50 m) Feeler Gauges, 
Callipers, Micrometer Gauges, 

(3) Straight Edge, Plumb Bob, Protector, Spirit Level. 

(4) Thermometer. Inspection Mirror, Binoculars. Magnifying Glass, 
Camera. 

(5) Scrappers, Entergy Paper, Portable Torque Wrenches, Light 
hammer, Piano- wire. Portable Ladder, Rope. 

(6) Flash Light. Pocket Knife, Wire Brush, Chipping Hammer, Thin 
sled rod (for use as proper) (8 to 20 nun dia) 

(7) Hydraulic Jacks, Pulley Blocks, Wire-Ropes, Chains. Slings, etc. 
of P prop ri ate Capacity. 

(8) Safety Equipment for Inpsecling Staff. 
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B. ASSESSMENT POSSIBLE 


Steel 


Cracks 

Ultrasonic, radiographic 

Cable/Wire failure 

Electric half cell potential 

Corrosion meter 

Electrical resistivity 

Global behaviour 


Movements Instruments dial gauges 

Modern Surveying 

Ex tensometric measurements 

Strain Gauges, and extensometer 

Pressures, Forces 

Pressures transducers, or load cells 

Miscellaneous 

Thickness of coating Paint film 
gauge (digital electrometer) 

Water proofing membranes 

Electric resistance 

Vibration 

Accelerometer 

Widening of Cracks 

Glass cell labs 

Metal thickness 

Ultrasonic metal 
thickness measuring 

D16. Signs 


DI6.1 . All signs required to indicate restrictive load limit, reduced 


speed or impaired clearance should be inspected to ascertain 
they are visible and located in proper places. This inspection 
is to include sign at or on the structure and any advance 
warning sign. Examination should include that indications 
are legible and sign posts are well secured. 

D16.2. [-or bridges over navigable* channels, it is necessary to 
inspect if the navigational signs for water- tra flic are in place 
and secured. Navigational lights and serial obstructional 
lights should be in spec led often to ensure that these are 
operating efficiently. 
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